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stubble,  analyzed  for  total  nonstructural  carbobydrates 


(TNC),  had  decreased  TNC  levels  as  N rates  increased.  Significant  and 
positive  correlation  was  found  between  early  ratoon  tiller  number  (14  and 
28  DAH)  and  TNC  concentration  in  the  1989  main  crop  stubble, 

Kain  crop  tiller  number  o'‘  increased  as  main  crop  N rates  increased 
for  both  cuitivars,  while  Lebonnet  produced  more  tillers  than  Culfnont. 
Ratoon  tiller  data  snowed  no  N effect;  however,  Lebonnet  produced  a higher 
tiller  number  than  Gulfmont. 

Main  crop  panicle  m'^  (PN)  increased  as  N rates  increased  with 
Lebonnet  producing  more  panicles  than  Culfnont.  Ratoon  crop  PH  data  showed 
no  N effect,  and  Lebonnet  continued  the  trend,  pnoducing  more  PH  than 
Gulfmont.  Gulfmont  produced  more  grain  panicle'  than  Lebonnet  in  both 

Variable  plant  density  in  1988  resulted  in  unreliable  yield  data.  In 
1989  yields  of  Lebonnet  (6480  kg  ha'')  were  greater  than  (P-0. 01)  Gulfmont 
(6650  kg  ha').  Ratoon  cnop  data  showed  no  N effect  for  Gulfmont  while 
Lebonnet  displayed  a quadratic  N response.  Haiimum  ratoon  yields  were  3500 
kg  ha’  for  both  cuitivars.  Total  yield  data  for  both  cuitivars  exhibited 
a linear  N effect.  Total  yields  of  Lebonnet  were  greater  than  (P-Q.Ol) 
Gulfmont  (7700  us  7180  kg  ha"’,  respectively). 


INTRODUCTION 


Returning  previously  nined  lands  to  a productive  capacity  equal  to 
or  better  than  their  original  state  is  the  goal  of  agricultural  research 
on  phosphate-nined  areas  in  central  Florida.  A principle  by-product  of 
phosphate  lining  is  phosphatic  clay  iriiich  has  unique  chemical  and  physical 
properties.  High  levels  of  smectites,  carbonate-fiuorapatite,  and 
attapulgite  predominate  phosphatic  clay  composition.  Soil  particle 
diameter  is  IRS  m or  smaller  with  60X  less  than  I « in  diameter  (Barwood, 
198R).  In  terns  of  cheiicai  properties,  pH  is  near  neutral,  and  there  are 
moderate  to  high  levels  of  most  elements  (escept  N)  necessary  for  crop 
production  (Hochmuth  et  a1.,  I9B7).  Utilization  of  phosphatic  clays  for 
optimal  agricultural  production  reouires  thorough  investigation  of  hoa  a 
given  crop  interacts  with  the  environment  and  various  cultural  practices 
such  as  fertility  management,  plant  population,  tillage,  etc. 

Pnoper  fertility  management  is  essential  for  high  rice  (Orvza  sativa 
L.)  grain  yields.  The  rate  and  timing  of  N is  a fundamental  component  of 
proper  management.  Turner  and  NcHrath  (1988)  conducted  N rate  and  timing 
studies  on  semidwarf  and  tall  cuUlvars  in  Texas.  Results  of  these  studies 
on  main  crop  indicated  that  as  N rate  increased  up  to  224  tg  ha',  applied 
over  the  growing  season,  a11  cuHIvars  increased  in  grain  yields. 
Furthermore,  the  effects  of  main  crop  N rates  and  timing  on  ratoon  yields 
of  both  cultivars  were  not  related  to  main  crop  N rate  Pr  yield.  Applying 
main  crop  N at  or  near  heading  (H)  increased  ratoon  yields  but  depressed 


■ain  crop  >ip)ds  due  to  lick  of  K at  nain  crop  panicle  differentiation 
(PO).  Turner  and  Kcllrath  concluded  that  nain  crop  h applied  at  PD  and  H 
■ouid  nave  Increased  ratoon  and  total  yields  even  nore.  Nitrogen  rates  up 
to  112  kg  ha'  applied  after  nain  crop  harvest,  increased  ratoon  yields. 
Adequate  ratoon  yields  of  2.7  to  3.5  t ha'  were  obtained  in  this  study 
when  N was  applied  at  or  near  nain  crop  heading  and  112  kg  N ha'  was 
applied  to  the  ratoon  orop. 

In  Louisiana,  Srandon  et  al,  (1985)  noted  that  splitting  N 
applications  generally  reduced  nain  crop  grain  yields  of  senldwarf 
cultivars  coispared  to  lOD  kg  N ha*'  banded  in  a Crowley  silt  loan  soil  7 
d prior  to  permanent  flood.  However,  contrary  to  the  Texas  studies,  the 
Louisiana  research  clearly  showed  that  semidwarf  and  tall  cultivars  both 
had  higher  ratoon  yield  when  nain  crop  N nvanagenent  was  optinun. 

Rice  performance  trials  conducted  by  Dones  (1989)  on  phosphatic 
clays  in  centra!  Florida  have  demonstrated  nain  crop  grain  yields  of 
'Gulfmont'  and  'Lebonnet'  at  6400  and  5200  kg  ha'',  respectively.  These 
yields  were  achieved  at  a urea-N  rate  of  130  kg  ha*',  applied  before 
pemanent  flood.  Jones  and  Riddle  (1990)  conducted  field  studies  of  N on 
phosphatic  clays  and  found  100  kg  N ha*',  applied  after  nain  crop  harvest, 
produced  grain  yields  over  3100  kg  ha*'  for  both  Gulfnont  and  Lebonnet. 

The  objectives  of  this  study  were  to  investigate  the  effects  of  N 
rates,  applied  to  main  crop,  on  main  and  ratoon  crop  yield,  yield 
components,  and  ratoon  ontogeny  grown  on  reclaimed  phosphatic  settling 
pond  clay.  Two  rice  genotypes,  differing  in  growth  habit,  and  five  nain 


studied. 


LITERATURE  REVIEH 

SsttltriQ  Pona  PhQScmtIc  C1n  Soils 


Historical  O'lervie. 

The  geological  process  of  phosphate  deposition  began  1S-2D  nillion 
years  ago  during  the  Niocene  era  (Vondrasek,  I9BZ).  During  this  era  large 
cracks  and  fissures  foroed  on  the  Miocene  sea  bed.  As  Miocene  oaters 
gradually  evaporated,  Targe  and  small  estuaries  formed  in  the  rock 
cavities  and  fissures-  These  estuaries  teemed  eith  fish,  reptiles,  and 
marine  plants  whereby  processes  of  continuous  concentration  and 
decomposition  over  millions  of  years  formed  the  phosphate  matrix  mined 
today  (Hyatt,  1891). 

These  rich  phosphate  deposits  in  Florida  remained  uneiploited  until 
1801  when  Captain  J.  Franols  Le  Baron  discovered  a bank  of  fossil  remains 
while  exploring  the  Peace  River  in  central  Florida.  Upon  subsequent 
analysis  of  these  samples  and  prospecting  by  Col.  T.S.  Moorehead,  a 
retired  government  engineer,  the  Arcadia  Phosphate  Co.  was  formed.  During 
the  next  20  years  following  this  discovery,  nearly  200  mining  companies 
were  formed  to  tap  Florida's  phosphate-rich  Bone  Valley  formation  in 
central  Florida,  This  formation,  so  named  for  the  large  number  of 
fossilized  bones  deposited  there,  is  a roughly  rectangular  area  40  miles 
wide  and  50  miles  long.  It  includes  parts  of  Polk,  Hillsborough,  and 


counties  (Bureau  of  Hines,  1974), 


PhcsDhitIc  Clay  CharacUrlzatlon 


Phosphatic  clay  soils  are  by-products  of  phosphate  processinp.  The 
raw  naterial  prior  to  processing  is  called  phosphate  matrix  and  consists 
of  approximately  equal  thirds  of  phosphatic  rock,  sand,  and  day.  The 
phosphatic  rock  is  removed  at  the  benefication  plant  while  sand  and  day 
fractions  are  removed  to  separate  disposal  areas.  The  day  fraction, 
suspended  in  a water  slurry,  is  pumped  back  to  old  strip-mined  cuts. 
These  mined  cuts  are  constructed  to  fora  earthen-daimed  settling  ponds 
ranging  From  6-12  m above  ground  level  (Bureau  of  Mines,  1974,  Lamont  et 
al.,  197S).  At  present,  approximately  2OQ.OO0  ha  have  been  mined  In  the 
state  of  Florida  by  the  phosphate  industry.  Over  60%  of  this  area  remains 
as  phosphatic  day  settling  ponds  (hoods,  19B6). 

Phosphatic  days  can  be  defined  as  a mixture  of  siU  and  day 
particles  approximately  125  u in  diameter  and  less.  The  day  minerals 
found  in  slime  soils  In  relative  order  of  abundance  are  smectites, 
carbonate-fluorapatite,  attapulgite,  mica,  interstratified  clay  minerals, 
kaolinite,  quartz,  wavelllte.  cradallite,  dolomite/calcite,  feldspar, 
millisite,  iron  phosphates,  and  a number  of  heavy  minerals  in  trace 
amounts  (Barwood.  1982). 

Attapulgite,  a hydrated  magnesium  silicate,  has  important 
implications  for  settling  properties  of  phosphatic  days.  This  silicate 
largely  controls  several  important  physical  characteristics  of  the 
phosphatic  clays  (PC)  such  as  reducing  phosphatic  settling  rates,  terminal 
solids,  and  viscosity  (lamont  et  al.,  1976). 

The  physical  properties  of  PC  can  be  characterized  by  size, 
mineralogy,  and  shape.  Clay  particles  are  125  u in  diameter  or  smaller  and 


typically  6W  are  lass  than  I p In  dtaiaeter.  Particle  shapes  also  greatly 
Infipence  the  physical  properties  of  the  clay.  Attapulgite  consists  of 
rods  or  fibers.  Mica  and  kaolinite  are  flattened  platelets,  and  smectites 
are  thin  sheets  (Barwood,  1982). 

Chemical  characteristics  of  phosphatic  clays  have  revealed  pH  to  be 
neutral  to  slightly  basic.  KJeldahl  N equal  to  approximately  1 g kg  ' and 
P equal  Co  approximately  O.B  g kg*'.  The  pH,  though  slightly  basic,  is 
still  in  a range  tihere  P.  Ca.  Hg,  X,  S,  Ho,  and  3 are  available  to  the 
plant.  Fe.  Hn,  Zn.  and  Cu  availability  may  be  a problem  at  this  pH 
(Brady,  1974).  In  fact,  Hn  deficiency  problems  have  been  reported  on 
vegetable  crops  (Hochmuth  and  Hanlon,  1969).  These  slime  soils  are 
naturally  high  In  P,  Cation  exchange  capacity  (CEC)  for  phosphatic  clays 
is  reported  to  range  from  6-50  cmol  kg*'  (dry  wt.)  of  clay.  Host  of  this 
exchange  capacity  is  tied  up  by  Ca  and  Hg  (Barwood,  1982). 

Some  of  these  clay  mineral  constituents  have  agricultural 
implications.  Smectites,  for  example,  have  a large  shrink-swell  capacity 
enabling  them  to  hold  large  amounts  of  water.  The  CEC  of  montmorillonitic 
smectite  in  pure  form  is  110  cmo1  kg*'  and  mostly  dominated  by  Ca  and  Hg 
with  minor  substitution  of  Na  and  X (Lament  et  a1.,  197S).  The  carbonate- 
fluorapatite  fraction  of  phosphatic  clay  that  is  not  removed  during  ore 
processing  accounts  for  the  principle  loss  of  phosphate  in  the  mining 
process.  This  unclaimed  mineral  accounts  for  an  adequate  phosphate  content 
of  the  clay  which  is  available  for  crop  usage.  Trace  elements  important 
to  plant  nutrition  are  also  present  in  the  PC,  including  Hn,  Ho,  and  Zn 


(Barwood,  1982). 


Phosphatfc  diys  offer  both  advantiges  and  disadvantages  for 
agricultural  production.  S1o«  dewatering  rates,  poor  trafflcablUty  of 
heavy  farm  machinery  after  rain,  establishment  of  some  crop  species,  and 
concern  about  uptake  of  detectable  levels  of  radioisotopes,  especially  In 
leafy  green  plants  are  challenges  that  require  further  research. 
Advantages  of  these  days  include  generally  adequate  fertility  and  neutral 
pH,  good  water-holding  capacity  thereby  reducing  irrigation  demand, 
demonstrated  ability  to  produce  small  grains,  soybeans,  energy  crops,  and 
possibly  others.  Overall,  PC  provide  considerable  opportunity  for 
agricultural  production. 

Aspects  of  Batoon  Rice  Production 

Introduction 

The  word  ratoon  Is  likely  to  have  originated  from  the  Latin  word 
retonsus  which  means  to  cut  down  or  mow  (Lewis  and  Short,  19S8).  tflnburne 
(1962)  defines  a ratoon  as  a basal  sucker  for  propagation,  such  as  in 
banana,  sugarcane,  and  pineapple.  In  grasses,  ratoon  tillers  typically 
develop  from  basal  or  axillary  buds  that  exist  on  the  stubble  and  the  root 
system  of  the  main  crop  (Plucknett  et  a1.,  1970).  The  growth  and  vigor  of 
ratoon  tillers  mostly  depend  on  the  carbohydrate  reserve  in  the  stubble 
and  root  system  of  the  main  crop  (Zandstra  and  Samson,  1979).  Management 
of  the  ratoon  crop,  therefore,  begins  with  proper  main  crop  management. 

Rice  has  the  ability  to  ratoon,  although  considerable  variability 
exists  In  Its  ratoon  growth  duration  and  yields.  Chauhan  et  a1.  (1985) 
state  that  main  crop  maturation  may  range  from  3S  to  17S  d depending  on 
cultlvar,  while  ratoon  crop  maturation  can  range  from  40  to  135  d. 
Therefore,  combined  meturation  periods  indicate  that  main  crop  rice 


Chauhan  further 


that 


foUoeed  by  a ratoon  crop  can  take  ■ 
consecutlvely-planteo  rice  crops, 
grain  yields  range  froii  E to  UK  of  main  crop  yields.  High  potential 
yield  of  the  ratoon  crop  and  the  reduced  growth  duration  of  ratoon  rice 
indicate  ratooning  may  be  a practical  way  to  increase  annual  grain 
production  per  unit  area  and  per  unit  tine. 

Advantages  of  rice  ratooning  include  lower  production  costs  due  to 
savings  in  land  preparation,  transplanting  or  direct  seeding,  and  crop 
maintenance  during  early  growth  (Plucknett  et  al.,  1970;  Chauhan  et  al., 
1935).  These  advantages  translate  up  to  6DX  savings  in  Tabor  requirement 
and  25  to  3D%  savings  in  cost  of  production  (Zandstra  and  Samson,  1979). 
The  benefits  of  a reduced  growth  period  in  this  system  are  clearly  evident 
in  areas  with  a limited  growing  season  due  to  inadequate  rainfall  or 
irrigation  and  potential  cold  weather  damage.  In  addition,  valuable 
resources  such  as  power,  labor,  and  cash  are  freed  up  for  other  uses 
(Flinn  and  Mercado,  1983).  Ratooning  can  be  used  in  crop  breeding  to 
maintain  the  genetic  purity  of  a cultivar  through  several  seasons.  Often 
the  ratoon  crop  uses  less  irrigation  water  and  fertilizer  than  the  main 
crop  due  to  a shorter  growth  duration  (Chauhan  et  al.,  1985). 

The  disadvantages  of  ratoon  rice  production  include  a wide  variety 
of  problems.  Yield  data  collected  by  the  International  Rice  Research 
Institute  (IRRI)  on  117  cultivars  grown  in  India,  Brazil,  Philippines, 
USA,  and  some  countries  in  Africa,  show  Chat  103  yielded  less  than  lOOt  of 
the  main  crop  while  78  yielded  less  Chan  5K  (Chauhan  et  al.,  1985). 
Extensive  breeding  work  remains  to  be  done  Co  isprove  varietal  ratoon 
yield  and  other  traits- 


Ratoon  grain  quality  Is  often  Inferior  to  that  of  the  main  crop 
grain.  A comparative  study  by  HebD  et  a1.  (197S)  on  kernel  quality  of  main 
and  ratoon  crops  reported  that  ratooh  kernels  were  on  average  smaller  and 
lighter  in  weight  than  main  crop  kernels.  Head  and  total  milled  rice 
yields  of  the  ratoon  were  generally  lower  than  main  crop  samples.  Also, 
some  physiochemical  properties  of  ratoon  crop  samples  were  consistently 
lower  than  that  of  the  main  crop.  The  protein  content  of  the  ratoon 
kernels  varied  widely  ranging  from  1 to  5»  higher  than  main  crop  kernels. 
Other  problems  of  ratoon  rice  are  uneven  maturity  which  can  make  harvest 
difficult  and  eapensive  (Flinn  and  Hercado,  1988).  Injurious  Insect, 
weed,  and  disease  problems  may  build  up  in  the  ratoon  From  residual  pest 
problems  in  the  main  crop  (Plucknett  et  al .,  1970).  There  is  also  lack  of 
assured  return  from  input  investments  due  to  generally  low  ratoon  yields. 
Finally,  ratoon  cultural  practices  need  to  be  better  developed,  especially 
for  cropping  systems  In  developing  countries  (Chauhan  et  al..  1985). 

Rice  ratooning  is  a viable  agronomic  practice  in  a nund>er  of 
countries  worldwide  and  especially  in  the  Southern  USA.  Internationally, 
rice  is  ratooned  in  India,  Japan,  Columbia,  Philippines.  Brazil. 
Swaziland,  Thailand,  Taiwan,  and  the  USA  (Krlshnamurthy,  1968;  Chauhan  et 
al.,  1965;  Evatt  and  Seachell,  1960).  In  South  and  Southeast  Asia  only 
U»  of  rice  land  can  support  two  crops  of  rice  a year.  The  remaining  rice 
production  arnas  are  rainfed.  or  have  inadequate  water  resources 
(Krlshnamurthy,  1988).  In  rainfed  regions  there  is  generally  only  one 
rice  crop  grown  per  year.  Yet  residua!  moisture  left  in  the  soil  at  the 
end  of  the  rainy  season  is  often  adequate  for  a second,  short  season  crop 


such  ss  a Mc«  ratoon  (Bahar  and  DeDatta,  1977).  This  is  espeoUlly  true 

In  the  USA,  comercli)  rice  ratoonlng  was  established  in  1962  with 
the  release  of  the  90-1QO  d cultivar  'Belle  Patna'  for  the  gulf  coast  of 
Texas.  Until  the  release  of  Belle  Patna,  no  US  cultivar  was  sufficiently 
early-»aturing  to  OTOduce  reliable  ratoon  crops  (Bolllch  et  a1.,  1988). 
Today  approximately  50%  of  the  rice  hectarage  in  Texas  and  south  Louisiana 
and  about  75%  of  the  rice  hectares  In  Florida  are  ratooned  annually 
(Bolllch  and  Turner,  1988).  The  growing  season  in  other  rice  production 
regions  of  the  US,  such  as  California,  Arkansas,  and  Mississippi,  are  too 
short  for  comerclal  rice  ratoonlng  (Bolllch  and  Turner,  1986). 

Cultural  Practices  of  Ratoon  Rice  Production 

Specific  cultural  practices  involved  in  rice  ratooning  cover  a wide 
range  of  agronomic  aspects.  The  more  noted  practices  are  cutting  height 
of  the  main  crop  culms,  water  management,  fertility  management,  and 
varietal  selection.  In  addition,  land  preparation  of  the  main  crop,  main 
crop  establishment,  spacing  (In  transplanting  systems),  time  of  harvest, 
and  crop  duration  are  also  important  aspects.  Much  of  the  scientific 
literature  on  rice  ratoon  cultural  practice  is  based  on  transplanted  rice 
while  less  information  is  available  on  direct-seeded  rice,  which  Is  grown 
throughout  the  USA. 

Main  crop  stubble  cutting  height  has  been  studied  extensively  for 
its  effects  on  ratoon  traits,  yield,  and  yield  components  (Chauhan  et  a1., 
1965;  Zandstra  and  Sanson,  1979;  Bahar  and  DeDatta,  1977).  Host  of  the 
research  involves  effects  of  cutting  height  on  transplanted  rice.  Some 
field  trials  on  direct-seeded  rice  have  been  conducted  In  Texas  (Hodges 


and  Evatt,  1959).  Perhaos  the  nnst  abvfaus  liipact  of  stubble  height  is 
the  nunAer  of  buds  reaiainlng  on  the  culei  for  tiller  regrovrth.  5o«e 
cuUlvars  produce  ratoon  tillers  froi  mostly  axU1  buds  at  the  higher 
nodes  of  the  main  crop  stubble.  Other  cultivars  generate  ratoon  tillers 
from  basal  nodes  (Zandstra  and  Samson,  1979).  Therefore,  cutting  height 
for  those  cultivars  ulth  primarily  basal  ratoon  tillers  may  be  less 
Important. 

The  results  of  cutting  height  studies  on  ratoon  yields  vary. 
Balasubramanian  et  a1.  (1970)  reported  that  cutting  height  had  no  effect 
on  ratoon  grain  yields  but  exerted  a significant  influence  on  straw  yield. 
Prashar  (1970a)  reported  highest  ratoon  yields  from  main  crop  cutting 
heights  of  0 and  4 cm  compared  to  8 and  12  cm.  The  opposite  results  were 
reported  by  Saran  and  Prasad  (1952),  whose  studies  noted  lower  ratoon 
grain  yields  at  lower  cutting  heights  than  higher  cutting  heights. 

More  recently,  Bahar  and  DeOatta  (1977)  conducted  a series  of 
experiments  on  main  crop  cutting  height  and  its  effect  on  ratooning.  They 
found  that  a IS  to  20  cm  cutting  height  Is  optimum  for  ratoon  grain 
yields.  At  shorter  cutting  heights,  a significant  Increase  In  dead  plants 
occurred.  They  also  noted  that  growth  duration  increased  from  73  to  85  d 
as  cutting  height  shortened.  Similar  delays  in  maturity  due  to  lower 
cutting  heights  were  reported  in  Texas  and  elsewhere  (Prashar,  1970b; 
Hodges  and  Evatt,  1969:  Evatt,  1966;  Evatt  and  Beachell,  1960). 

Samson  (1960)  reported  that  different  cutting  heights  caused 
significantly  different  grain  weights,  panicles  per  h111,  panicles  per 
square  meter,  ratoon  grain  yield,  missing  hills  In  transplanted  rice,  and 
growth  duration.  Bahar  and  DeOatta  (1977)  analyzed  yield  components  at 


different  cutting  Heights  end  uater  manageinent  regiTes  and  found  that 
plants  cut  at  ground  level  and  not  reflooded  for  4 d or  more  after  harvest 
produced  nore  panicles  and  more  filled  grains  per  panicle  than  plants  cut 
at  15  cn.  yields  were  lower  at  0 cm  cutting  height  due  to  a higher  number 
of  missing  hills. 

Ratoon  crops  usually  grow  nore  tillers  per  hill  than  tne  main  crop. 
Prashar  (197Db}  noted  the  number  of  tillers  varied  with  cutting  height 
over  growth  stages.  Fifteen  days  after  cutting  main  crop  stubble,  tiller 
counts  were  made  and  tillering  was  shown  to  increase  as  cutting  height 
increased  from  ground  level  to  12  cm.  Above  12  cm,  the  culm  was  hollow 

Mater  management  for  ratoon  crop  production  has  been  shown  to  have 
a pronounced  effect  on  ratooning.  Hodges  and  Evatt  (1959)  recommended 
Flushing  or  light  flooding  innediately  after  H application  to  stubble. 
Afterwards  the  soil  must  be  kept  moist  but  not  flooded  for  two  weeks  after 
main  crop  harvest  until  ratoon  tillers  are  10*15  cm  tall . From  this  stage 
until  ratoon  crop  harvest,  a 3*5  cm  flood  should  be  maintained. 

Henge!  and  Hilson  (1981)  reported  opposite  results  from  a water 
management  study.  Application  of  a 5-B  cn  flood  issaediately  after  main 
crop  harvest  resulted  in  88X  higher  ratoon  grain  yield  and  nore  uniform 
and  rapid  tillering,  than  a series  of  short  term  floodings  for  adequate 
moisture  followed  by  a continuous  flood.  The  main  crop  cutting  height  was 
40-45  cn. 

Bahar  and  DeDatta  (1977)  studied  the  effects  of  main  crop  cutting 
height  and  ratoon  water  management.  They  found  Chat  if  the  ratoon  field 
was  flooded  Isnedlately  after  main  crop  harvest,  ratoon  yields  were  0 and 
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2.S  t ha''  at  a and  15  nn  cutting  heishU,  respectively.  A high  percentage 
of  pissing  hi11s  nas  reported  nhen  the  laain  crop  was  cut  and  a continuous 
flood  was  applied  imiediately  following  main  crop  harvest.  The  nuiaber  of 
Pissing  hills  decreased  as  the  tine  between  harvest  and  flooding 
increased.  Ko  differences  in  yield  existed  between  ground-level  cutting 
height  and  IS  cp  lAen  flooding  was  delayed  to  12  d after  harvest. 
However,  with  such  a long  delay  In  flooding,  weeds  became  a problem. 
Bahar  and  DeDatta  (1977)  therefore  recopmended  a 15  csi  cutting  height. 

Some  dry-seeded  rice  cuUivars  have  been  noted  to  produce  more 
ratoon  tillers  and  higher  yields  when  water  was  abundant  than  when  water 
was  in  only  moderate  supply.  Prashar  (1970a)  found  that  a significant 
interaction  existed  between  pain  crop  cutting  height  and  first  ratoon 
watering  on  tillering  percentage.  Mith  lower  cutting  heights  of  0,  4,  and 
6 cm,  delaying  ratoon  flooding  for  4 to  6 d was  superior  to  flooding  one 
day  after  main  crop  cutting. 

Fertilizer  inputs  and  panagement  are  of  critical  importance  to  pain 
crop  yields  and  also  largely  influence  ratoon  perFomahce.  Nitrogen 
fertilizers  have  a significant  effect  on  ratoon  growth  and  yield  but  will 
be  discussed  in  detail  later  in  this  review.  Hodges  and  Evatt  (1969) 
showed  that  additional  P and  K did  not  give  an  economic  increase  in  ratoon 
yield  provided  both  these  nutrients  were  in  adequate  supply  on  the  pain 
crop.  Sufficient  amounts  of  these  plant  nutrients  applied  to  the  pain 
crop  were  still  available  to  the  ratoon  crop  (Evatt,  1964).  In  another 
study  by  Hengel  and  Leonard  (197B),  rates  of  N,  P,  and  K were  applied  to 
a ratoon  crop  in  a factorial  copbination  and  no  response  to  added  P or  K 
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in  yield)  plant  height,  or  Mhoie  grain  milling  yield  were  observed.  There 
were  no  significant  H/f  or  H/K  interactions. 

Cultivar  differences  in  ratooning  ability  have  been  widely  reported 
by  many  investigators  (Krishnanurthy,  Chauhan  et  a1.,  1985; 
Chatter.}ee  et  al.,  1982;  Balasobraiianian,  1970;  Hodges  and  Evatt,  1969; 
Evatt  and  Beachne11,  1960).  Krishnamurthy  (1988)  has  drawn  some  general 
conclusions  from  these  reports.  There  exists  a high  degree  of  genetic 
variability  among  cdUivars  in  their  ratoon  yields.  Average  ratoon  yields 
were  4011  that  of  the  main  crop  and  showed  a 20  to  45%  reduction  in  growth 
duration.  Ratoon  yields  ranged  from  0.1  to  8.7  t ha'.  Chauhan  et  al. 
(1985)  and  HilleRisLanbers  (1988)  have  compiled  tables  listing  rice 
cultivars  with  promising  ratoon  yield  potentials. 

Cultivars  In  the  USA  also  show  considerable  variability  in  ratoon 
yield  potential.  In  Texas,  Bollich  et  al.  (1988)  reported  coefficients  of 
variation  for  ratoon  yields  to  be  double  or  triple  those  of  the  main  crop. 
A 1985  cultivar  trial  in  southern  Texas  identified  four  cultivars  with 
acceptable  ratoon  yields  (2.2  t ha'’  or  higher)  including  two  semidwarf 
cultivars  with  significantly  higher  total  yields  of  11  t ha"'  or  more. 
These  two  semidwarfs  are  Lemont  and  Gulfmont.  Generally,  ratooning  is 
only  obtained  from  early  maturing  cultivars  on  the  Gulf  Coast  of  Texas  and 
southern  Louisiana. 

in  ratoon  rice,  six  genotypic  components  have  been  identified  that 
contribute  to  a successful  ratoon  (HilleRisLambers.  1988).  First, 
cultivar  differences  exist  as  to  the  location  of  tiller  origin  on  main 
crop  stubble.  Second,  high  carbohydrate  concentration  in  main  crop  culms 
was  related  to  ratooning  ability  of  Hingolo  cultivar.  In  studies  where 


carbohydrate  supply  in  the  stea  «as  manipulated,  ratoon  growth  was  viewed 
as  an  Indicator  of  the  physiological  situation  of  the  crop  (Ichii  and 
Suiai,  1983).  Third,  slow  senescence  of  photosynthetic  surface  has  been 
suggested  as  a varietal  trait  that  enhanced  ratoon  growth  because  new 
growth  can  use  any  remaining  main  crop  photosynthetic  surface.  Fourth, 
main  crop/ratoon  crop  total  duration  Is  strongly  controlled  genetically 
and  is  an  essential  factor  to  ratoon  success  in  those  areas  with  a limited 
growing  season.  Earliness  is  favored  for  adequate  ratooning  ability. 
Fifth,  yielding  ability  as  espressed  by  a sufficient  number  of  tillers  per 
unit  area  is  partly  a varietal  trait  and  Is  reported  to  be  highly 
correlated  with  ratoon  yields  (Ichii  and  Kuwada.  1981).  Sixth,  the  degree 
of  disease  resistance  is  especially  important  for  viral  agents  which 
affect  ratoon  crops  more  severely  than  main  crops. 

A trial  conducted  at  IRRl  on  transplanted  rice  investigated  the 
effect  of  tillage  methods  on  several  plant  characteristics  of  main  and 
ratoon  croos.  There  were  four  tillage  treatments  which  included  zero 
till.  Paraquat  followed  by  harrowing,  harrowing  alone,  and  plowing 
followed  by  harrowing.  Notable  effects  on  the  main  crop  were  a 
significantly  lower  percentage  of  sterile  spikelets  and  a trend  of  higher 
grain  yields  with  the  plowing  and  harrowing  tillage  treatment. 

The  ratoon  crop  had  a significantly  higher  number  of  tillers  and 
panicles  per  square  meter  with  the  harrowing  and  the  plowing  and  harrowing 
treatments.  Ratoon  yields  were  also  significantly  higher  with  the  plow 
and  harrow  tillage  treatments  (Bahar  and  OeDatta,  1977). 

Comparison  studies  of  transplanting  and  direct-seeding  effects  on 
ratoon  success  are  limited  and  few  in  number.  In  the  USA,  direct-seeded 


rice  has  given  accegtahle  ratoon  yields  in  Texas  (BoHlch  et  a1.,  19SS; 
Hodges  and  Evatt,  1969:  Evatt  and  Beachell,  I960).  In  1985  a survey  of 
Lenont,  Skybonnet,  and  labeUe  euHirars  achieved  ratoon  yields  of  2.3  t 
ha',  2.0  t ha'',  and  1.6  t ha'’  respectively,  ehich  ranged  around  30-35t 
of  main  crop  yields  (Bolllch  et  al ..  1988).  In  the  Philippines,  trials 
uith  direct-seeded  rice  In  a rainfed  crop  system  with  adequate  eater 
resulted  In  a 3.3  t ha''  ratoon  yield  in  bunded  fields  (Chauhan  et  al., 
1985).  There  Is  an  advantage  of  direct-seeding  main  crop  rice  for  the 
ratoon  crop  because  of  the  resulting  large  number  of  plants  per  unit  area. 
Each  of  these  plants  only  needs  to  produce  a fee  tillers  which  result  In 
a high  nundier  of  tillers  per  unit  area  relative  to  transplanted  rice 
(Chauhan  et  al..  1985;  Zandstra  and  Samson.  1979). 

Higher  main  crop  plant  populations  Increase  tiller  number  per  unit 
area  and  would  suggest  an  increase  in  ratoon  tiller  number  per  unit  area. 
In  transplanted  rice  systems,  higher  main  crop  tiller  counts  are  not 
translated  into  proportionately  higher  ratoon  tillers  per  unit  area 
because  the  number  of  missing  hills  increases  with  closer  spacing  of  main 
crop  rice  (8ahar  and  OeOatta,  1977).  They  found  that  15x15  cm  plant 
spacing  gave  the  highest  number  of  missing  hills  when  compared  to  20x20  cm 
and  25x25  cm  plant  spacings.  Vet  they  reported  that  ratoon  yield  was  not 
significantly  affected  by  plant  spacing. 

Jones  and  Snyder  (1987)  conducted  seeding  rate  and  row  spacing 
studies  that  support  this  conclusion.  Experiments  were  conducted  using 
drill-seeded  tall  and  semidwarf  cultivars  at  seeding  rates  from  50  to  150 
kg  ha''  and  row  spacing  from  15  to  25  cm.  Ratoon  grain  yields  of  both 
were  not  significantly  affected  by  main  crop  seeding  rate,  row 


cuUivars 


spacing,  or  soeding  rate  x row  spacing  interaction.  There  were 
significant  ratoon  yield  differences  between  cultiears  among  tests. 
Increased  seeding  rates  significantly  increased  ratoon  panicles  per  square 
meter  but  decreased  filled  grains  per  panicle  in  a11  tests  for  both 
cuUivars. 

The  stage  of  maturity  of  main  crop  at  harvest  nay  affect  ratoon 
performance.  The  best  time  to  harvest  is  when  culms  are  sti11  greenish 
(Grist,  196S;  Saran  and  Prasad,  19S2).  Cutting  the  main  crop  before  or  at 
fu11  maturity  when  ratoon  shoots  have  just  begun  to  grow  is  reconnended 
(Balasubrananian  eC  a1.,  1970;  Szokolay,  1956).  However.  Reddy  and 
Hahadevappa  (1986)  found  that  harvesting  at  35.  40,  and  45  d after  main 
crop  flowering  did  not  significantly  affect  ratoon  yield. 

Not  only  the  stage  of  main  crop  naturity  affects  ratoon  performance 
but  main  crop  duration  also  influences  ratooning  ability.  In  some 
temperate  areas,  very  early  maturing  rice  cultivars  are  reconnended  for 
successful  ratoon  cropping  because  they  do  not  need  to  be  sown  as  early  as 
later  maturity  cultivars.  The  use  of  very  early  cultivars  allows  for  a 
better  growth  environment  later  in  the  season  (Evatt  and  Beachell,  I960). 
Such  very  early  lOQ  d cultivars  as  Belle  Patna,  Sluebelle,  and  Labelle 
produced  good  ratoon  yields  on  the  Gulf  Coast  of  Texas  (Uebb  et  al., 
1975).  Similar  results  have  been  reported  for  early  maturing  cultivars 
(Bollich  et  al.,  1988;  Hodges  and  Evatt,  1969;  Evatt,  1958).  While  very 
early  maturing  cultivars  will  usually  produce  a successful  ratoon  with 
proper  management,  early  maturing  cultivars  of  about  UO'130  d crop 
duration  require  at  least  a lBD-190  d total  growing  season  for  a 
successful  ratoon  crop  (Hodges  and  Evatt,  1959).  Hid-season  and  late 
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BiaturH^  rice  cuHIvars  in  the  USA  alii  typically  not  produce  a consistent 
ratoon  crop,  although  there  are  some  mid-season  cuttivar  exceptions. 

Nodal  and  Caranga!  (197$)  studied  intermediate  duration  cultivars  of 
125  d or  more  and  found  they  produced  higher  ratoon  yields  than  early 
maturing  cultivars  of  115  d or  less.  Seed  weight  was  significantly 
correlated  with  ratoon  yields  and  ratoon  crop  duration  idiich  may  indicate 
that  high  ratoon  yields  require  selection  of  cultivars  that  have  ratoon 
duration  of  more  than  70  d. 

Effects  of  Pests  on  Ratoon  Rice 

Insect  pest  accumulation  on  main  crop  stubble  Is  one  of  the  major 
hazards  affecting  ratoon  rice  production.  Theoretically,  ratoon  rice 
should  sustain  higher  Insect  populations  than  a single  or  a double  rice 
crop  seoarated  by  a fallow  or  rotation  with  a non-rice  crop  (LItsInger  and 
Moody,  1976).  Researchers  have  observed  green  leafhoppers  to  multiply 
faster  on  the  ratoon  crop  and  to  acquire  rice  yellow  dwarf  virus  from 
Infected  ratoon  plants  which  in  turn  Is  passed  on  to  the  subsequent  main 
crop  of  rice  (Chen  and  Sok,  1978).  Rice  ratoon  will  generally  favor 
insect  population  increases  of  borers,  gall  midge,  leafhoppers,  and  others 
during  the  off  season.  Ratoon  crops  act  as  hosts  for  maintaining  these 
deleterious  populations  (Krishnamurthy,  1988). 

Dela  Cruz  and  tltsinger  (1988)  studied  ratoon  rice  insect  species, 
predator  species,  and  flooding  regimes  with  the  following  conclusions: 
-Ratoon  is  a poor  host  for  rice  whorl  maggot  (Hvdrellia  ohlUoninai.  Its 
bulld-up  is  not  encouraged  due  to  a shortened  vegetative  state, 
-leafhoppers  (Cnaohalcocis  medinallsl  and  planthoppers  (Nilaparvata 
lugeni.  Sooatella  furci fera.  and  Henhotettlv  viriscensl  leave  the 


senescing  «a1n  crop  but  return  to  colonUe  the  ritoon  crop 
less  serious  on  ratoon  due  to  natural  predators. 

-Approaiaately  1/3  of  sten  borers  ISeirnoohaaa  incertulas  and  Chllo 
sLiDpressaHsl  can  be  carried  over  froia  pain  crop  stubble  to  the  ratoon  but 
due  to  early  ratoon  harvest  are  not  generally  serious  pests. 

• Leaf  folders  ifnanhalocrocls  nedlnallsl  are  attracted  to  the  reproductive 
phase  of  the  ratoon. 

-The  ratoon  is  a favorable  habitat  for  natural  predators  due  to  lack  of 
land  preparation.  Spiders  ILvcosa  osuedoannulata.  Atvoena  foraiosana.  and 
Tetraonatha  sop.)  and  ripple  tugs  iWicrovellal  are  Mjor  planthopper 
predators  and  accumulate  on  rice  stubble  after  harvest. 

-Continuous  paddy  flood  is  a good  insect  pest-predator  conservation 
cultural  practice, 

-Due  Co  the  insect  vector  of  yellow  dwarf  and  tungro  viruses,  ratoonoing 
cultivars  that  are  highly  resistant  to  virus  are  needed. 

Though  rice  ratoon  fields  are  favorable  habitat  for  natural 
predators,  the  .Judicious  use  of  pesticides  can  be  warranted  to  control 
Insect  population  buildup  on  the  ratoon  crop,  The  application  of  granular 
Insecticides,  such  as  carbofuran,  phorate.  and  sevin,  or  spray  systemic 
Insecticides  such  as  dinethoate  or  phosphanidon,  Innedlately  after  main 
crop  cutting  nay  be  sufficient  to  control  insect  pests  In  the  early  ratoon 
stages.  One  more  spraying  of  dinethoate  or  phosphaniden  at  ratoon  flag 
leaf  may  substantially  reduce  later  insect  incidence  (Nagaraju  at  al., 
1968).  Sevin  effectively  controlled  Neohotettlu  spp.,  an  important  insect 
vector  for  tungro  and  yellow  dwarf  virus  in  India, 
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Cultural  practices  such  as  cleaning  the  debris  after  iiair  crcp 
cutting  nay  serve  to  control  the  source  of  disease  inoculun,  insect  pests, 
and  disease  vectors  (Nagaraju  et  al.,  1998).  Bahar  and  DeDatta  (1977) 
noted  that  greater  cutting  heights  of  nain  crop  stubble  favored  greater 
infection  by  grassy  stunt  virus.  Stem  rot  (Sclerotiun  orvtael.  Hhlch  is 
usually  not  a serious  problem  on  the  main  crop,  may  damage  ratoon  crops 
due  to  weakening  of  the  host  plant  at  Che  tine  of  cutting.  Udbatta 
lEohelis  orvraei.  an  important  ratoon  disease  in  India  is  capable  of 
causing  IflOK  ratoon  loss  fron  infected  main  crop  stubble  (hagaraju  et  al 
1983). 

Though  little  research  has  been  done  on  the  importance  of  diseases 
in  ratoon  cropping  systems,  some  basic  investigations  have  yielded 
important  information.  Rice  is  infected  by  a variety  of  diseases  caused 
by  hacteria,  fungi,  virus,  and  iaycop1asn-1 Ike-organisms  (HLO),  while  only 
some  affect  ratoon  crops.  Climatic  factors  such  as  high  humidity  and  high 
temperatures,  will  influence  the  severity  of  disease  damage  to  main  crop 
and  ratoon  crop  (DeDatta,  1981). 

Major  fungi  problems  on  rice  ratoon  were  reported  by  Nagaraju  et  al. 
(1988).  Brown  leaf  spot  ICochliobolus  mlvabeanusl  is  an  important  fungal 
disease  on  both  transplanted  main  crop  rice  and  ratoon.  Fungi  survive  on 
the  stubble  and  debris  left  after  cutting  and  is  the  main  source  of 
infection  for  the  ratoon. 

Perhaps  the  most  serious  disease  threats  to  ratoon  success  are 
viruses  and  mycoplasma-like-organisms  (MLO) . There  are  six  widespread  and 
economically  important  diseases:  tungro,  grassy  stunt  virus,  ragged  stunt 
virus,  chlorotic  streak,  necrosis  mosaic  virus,  and  yellow  dwarf.  These 
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dise2ses  either  go  unnoticed  in  naih  crop  or  becoTe  syTptonetic  at  later 
main  crop  stages.  Affected  ratoon  regrovth  then  shows  typical  syngtons  and 
sustains  severe  or  total  crop  failure  (Nagaraju  et  a1.i  1988).  Though  a 
few  genotypes  have  been  identified  1n  India  and  elsewhere  that  are 
resistant  to  some  of  these  diseases,  cultivars  that  have  good  ratooning 
ability  and  maxinuo  disease  resistance  should  be  developed. 

hew  and  Fabellar  (1988)  have  worked  with  disease  and  disease 
nanageTent  on  ratoon  rice  and  have  reported  several  important  conclusions 
from  their  studies: 

.|f  rice  cultivars  possessed  disease  resistance,  the  same  level  of 
nesistance  was  pnesent  in  the  ratoon, 

‘If  the  main  crop  had  a systemic  disease,  the  stubble  was  unlikely  to 
produce  any  ratoon  ti11ens. 

‘Yellow  dwarf,  caused  by  an  HLO,  was  often  observed  in  the  ratoon  crop, 
probably  due  to  Its  long  latency  In  rice  plants. 

-Sheath  blight  and  stem  rot  affected  main  crop  as  well  as  ratoon  crops  but 
their  effect  on  ratooning  was  erratic. 

-It  appears  to  be  more  effective  for  ratoon  production  to  manage  sheath 
blight  and  stem  rot  in  the  main  crop  rather  than  in  the  ratoon  crop. 

Work  conducted  at  IRRI  (1979)  on  reduced  tillage  or  zero  tillage,  as 
in  a ratoon  crop  system,  resulted  in  weed  species  shifting  from  annuals  to 
perennials.  Perennial  weeds  are  more  tolerant  of  herbicides  and  they  need 
to  be  controlled  on  the  main  cnop  to  minimize  their  impact  on  the  ratoon 
crop.  Annual  weeds  are  more  easily  controUnd  in  ratoon  with  manual  or 
mechanical  weeding  or  with  chemical  treatments  (DeDatta  and  Bernasar, 


198S).  Proper  Hater  nanageineiit  tn  continuous  flood  paddles  can  provide 
adequate  weed  control  for  main  and  ratoon  crops. 


Low  teeperatures  are  a serious  constraint  for  ratoon  production  In 
temperate  regions.  If  the  growth  duration  of  the  main  crop  and/or  ratoon 
crop  1s  too  long.  Injury  to  rice  plants  by  cold  temperatures  also  occurs 
In  tropical  regions  such  as  Co1un8iia,  Indonesia,  India,  Nepal,  Bangladesh, 
China,  and  other  countries  (DeDatta,  19S1).  The  physiological  result  of 
cold  damage  is  pollen  sterility  when  cold  night  tenperatures  occur  10-14 
d before  heading  (Rutger  and  Peterson,  1979).  Thus,  if  main  crop  or 
iiain/ratoon  crop  duration  extends  into  off  season  cool  temperatures, 
yields  can  be  significantly  reduced. 

Temperature  effects  on  ratoon  crops  have  received  limited  attention 
by  researchers.  Quddus's  (1981)  work  on  temperature  effects  demonstrated 
that  when  main  crop  rice  was  exposed  to  low  temperatures  of  20/20  C‘ 
(day/night)  at  the  booting  stage,  two  to  three  tiroes  more  basal  ratoon 
tillers  grew  compared  to  high  (35/27  C')  or  normal  (29/21  C)  temperatures. 
At  the  20/20  C’  temperatures,  ratoon  grain  yield  was  significantly  lower 
due  to  high  spikelet  sterility.  There  was  no  difference  between  high  and 
normal  temperature  effects  on  ratoon  yield.  Ratoon  crop  duration  was 
lengthened  to  96  d at  20/20  C'  and  was  shortened  to  56  d at  35/27  C* 
temperatures. 

Ichil  (1984)  observed  the  effects  of  light  and  temperature  on  ratoon 
regrowth  resulting  from  main  crop  tillers  cut  10  d after  H and  transferred 
to  four  different  environments.  The  environmental  treatments  included:  30 
C*  with  light,  30  C*  without  light,  20  C with  light,  and  20  C’  without 


light.  K«  founa  that  over  a 3-week  perioO  after  cutting,  ratoon  weight 
and  percentage  of  ratoon  Cillers  showed  higher  values  In  30  C’  than  in  20 
C*  and  in  sunlight  than  in  dankness,  The  nazicun  percentage  of  ratoon 
tillers  occurred  at  or  before  10  d after  cutting  at  the  30  C tenperature, 
and  at  20  d after  cutting  at  20  C‘.  katoon  height  was  higher  In  30  C than 
in  20  C*  but  showed  no  difference  between  light  and  dark.  Main  crop  stem 
base  weight  decreased  more  rapidly  at  30  C‘  than  at  20  C’  during  the  first 
20  days  after  cutting.  The  sun  of  stem  base  weight  and  ratoon  tiller 
weight  was  fairly  constant  over  the  20-d  period  following  cutting  for  ail 
treatments  except  30  C’  in  light.  The  increase  in  weight  of  Che  treatment 
In  30  C in  light  suggests  that  its  foliage  contributed  photosynthetic 
products  to  its  own  weight  gain.  The  ratoon  tillers  in  the  dark 
treatments  apparently  consumed  little  stem  base  substances  for 
respiration, 

Quddus  (1931)  noted  that  shading  the  main  crop  during  the  period 
from  flowering  to  7 d after  harvest  significantly  decreased  ratoon  grain 
yields  more  than  shading  main  crop  from  late  milk  to  7 d after  harvest  or 
at  harvest  to  7 d after  harvest.  There  was  a 72%  increase  in  ratoon 
yields  in  the  unshaded  plots.  When  30  kg  N ha'’  was  added  during  milk 
stage  and  13  d before  main  crop  harvest,  no  change  in  ratoon  yields  were 
observed  with  different  shading  periods.  Ichli  and  Suml  (1983)  cut  the 
tillers  of  rice  plants  two  weeks  after  H and  placed  them  in  full  sunlight, 
50%  shading,  and  75%  shading.  They  observed  that  ratoon  weight,  height, 
and  percentage  of  ratoon  Cillers  were  the  highest  for  full  sunlight 
followed  by  59%  and  then  75%  shading.  Stem  base  weight  decreased  linearly 
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wHh  Increasing  shading  suggesting  a correlation  with  reduced  ratoon 
tlUer  Height)  height,  and  percentage  of  ratoon  tillers. 

Effects  of  Hitrooen 

Main  crop  Rice 

Nitrogen  In  the  rice  plant  Is  the  most  Uniting  element  for  grouth 
and  yields  throughout  r1ce*groHlng  regions  of  the  world  (Nells  and  Turner, 
1984)  and  Is  required  throughout  the  development  of  a plant  to  maintain 
growth.  Nitrogen  Is  a constituent  of  both  structural  (1e.  ce11  walls  and 
neiebranes)  and  nonstructura)  (1e.  enzyiees,  chlorophyll , and  nudelc  acids) 
cell  components.  Nitrogen  is  supplied  either  from  soil  nlneralizatlon 
processes  or  N Is  fixed  from  atmospheric  nitrogen  by  azo11a-anabeana. 
During  reproductive  growth  phases,  much  N Is  remoblllzed  from  vegetative 
tissues  via  hydrolysis  of  proteins  to  amino  acids  (Tanaka  et  a1.,  1964). 

DeDatta  (19B1)  lists  six  effects  of  N on  rice:  a)  gives  dark  green 
color  to  plants  as  a component  of  chlorophyll,  b)  promotes  increased 
height  and  rapid  growth  and  tiller  number,  c)  Increases  size  of  leaves  and 
grains,  d)  Increases  number  of  spikelets  per  panicle,  e)  Increases  filled 
spikelet  percentage  In  panicles,  and  f)  Increases  protein  content  in  the 
grain.  Host  of  these  factors  directly  contribute  to  Increased  yields  of 
rice  production.  Tanaka  et  a1.  (1964)  noted  that  N applied  either 
preplant  or  prior  to  tillering  of  dry-seeded  rice  increased  the  number  of 
tillers,  the  width  and  length  of  leaves,  nunAer  of  florets,  panicles  per 
unit  area,  and  grain  yields. 

Rice  cultivars  can  be  categorized  according  to  their  high  or  low 
response  to  N.  The  high  response  cultivars  tend  to  be  short  statured, 
with  small,  erect,  thick  leaves.  The  low  response  cultivars  are  taller 
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■1th  droopyi  thin,  broad  leaves  (Jennings,  1954).  Tanaka  (1964)  has 
studied  varietal  characteristics  of  tropical  rice  related  to  high  and  low 
h response.  Low-K  response  cultivars  absorb  and  metabolize  N more 
actively  than  high  response  cultivars  with  Increased  N application  at  the 
early  growth  stages.  This  accelerated  absorption  of  N results  In  a large 
Increase  In  dry  weight,  tillering,  height  and  leaf  area.  Low-N  response 
cultivars  tend  to  be  tall  and  are  more  susceptable  to  lodging  at  high  N 
rates  than  high-h  response  cultivars.  This  early  escessive  growth  leads 
to  mutual  shading  and  reduced  photosynthesis  In  low-N  response  cultivars 
and  adversely  affects  grain  yield,  low  net  photosynthesis  from  self 
shading  rice  cultivars  is  exacerbated  In  tropical  climates  by  the 
relatively  low  light  Intensities  present  during  the  rainy  growing  season. 

Differences  exist  In  yield  component  expression  between  high  and  low 
N response  cultivars,  the  most  prominent  difference  being  that  low-K 
cultivars  have  a limited  increase  In  panicle  number,  whereas  high  response 
cultivars  exhibit  a large  Increase  in  panicle  number  with  Increased  N 
application  (Tanaka,  1964). 

Tanaka  (1964)  further  reported  that  carbohydrate  content  in  the 
straw  decreased  as  N uptake  increased  while  a limited  N uptake  caused  an 
accumulation  of  carbohydrates.  In  the  vegetative  phase,  low*N  response 
cultivars  typically  contain  less  starch  than  high  response  cultivars  when 
N supply  and  uptake  are  increased.  Grain  formation  in  low  response 
cultivars  depends  more  upon  starch  stored  in  the  straw  before  flowering. 
In  high  response  cultivars,  grain  formation  depends  upon  assimilation 
products  produced  after  flowering.  Therefore,  N must  be  carefully  managed 
to  maximize  yields  in  both  high  and  low  response  types. 
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Nitrogen  trinsfomiattons  In  submerged  soils,  though  beyond  the  scope 
of  this  review,  have  important  implications  for  inorganic  N fertilizers  In 
rice  production.  Due  to  flooded  conditions  0^  diffusion  into  the  soil  is 
mostly  Inhibited  causing  anaerobic  denitrification  of  N and  loss  of 
Inorganic  «.  Aerobic  N transformations  or  nitrification  are  not 
completely  inhibited  due  to  the  formation  of  a thin  (1-2  cm)  oxidized  soli 
surface  layer.  It  is  in  this  oxidized  layer  that  surface  applied  ammonium 
fertilizers  are  nitrified  to  nitrate  and  eventually  are  taken  up  by  the 
plant,  leached  through  the  soil,  or  denitrified  in  deeper  reduced  soil 
profiles.  Rice  roots  are  thought  to  release  Oj  transported  by  aerenchyma 
tissue  and  thereby  create  an  oxidized  rhizosphere.  Nitrification  can  then 
occur  In  this  oxidized  zone  around  rice  roots.  Deep  placement  of 
ammonlum-N  fertilizer  In  the  reduced  soil  layers  has  several  fates.  It  is 
either  fixed  in  an  exchangeable  or  non-exchangeable  form  on  clay  micelles 
or  Is  In  soil  solution.  Hass  flow  of  ammonium  In  solution  to  rice  roots 
occurs.  Also  amnonlficatlon  and  iimnobll ization  between  ammonium  in 
solution  and  microorganisms  occurs.  Ammonia  formed  from  ammonium 
fertilizers  occurs  in  the  floodwater  when  these  fertilizers  are  surface 
broadcast.  When  the  pH  of  the  floodwater  tends  toward  the  basic  range,  N 
is  lost  via  ammonia  volatilization.  Though  this  is  a simplified  version 
of  N transformations,  it  Is  clear  that  N losses  In  flooded  rice  system  can 
be  substantial.  It  has  been  estimated  that  generally  30  to  A0%  of  nitrate 
fertilizers  have  been  lost  due  to  denitrification  (Patrick  et  al.,  1985: 
Oe  and  Sarker.  1936). 

Due  to  the  low  native  N content  of  PC,  the  process  of  soil  N 
mineralization  may  have  important  bearing  on  crop  production.  The 
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minerallzatfan  process  includes  hydrolysis  of  proteins  to  polypeptides  end 
enino  ecids  end  then  deeainetion  resulting  in  the  formation  of  ennonie. 
Broadbent  (1979)  demonstrated  with  labeled  N fertilizer  experiments  that 
fertilized  rice  obtained  50-80*  of  its  h requirement  from  mineralized  soil 
N-  Unfertilized  rice  received  essentially  all  of  its  N through 
mineralization. 

Several  factors  affect  soil  N mineralization  such  as  tenqierature, 
moisture,  clay  content,  effect  of  fertilizer,  and  effect  of  crop  residue. 
Hyer  (1975)  reported  that  in  a tropical  clay  loam  soil  incubated  under 
saturated  conditions,  the  rate  of  aanonification  Increased  between  20  and 
SO  C*  attaining  a maximum  at  SO  C.  Host  of  the  h mineralization  occurred 
during  early  incubation.  The  rate  during  the  first  7 d was  considerably 
higher  than  between  the  7 to  28  d measuring  cycle,  This  early 
aimonification  pattern  has  been  verified  in  field  studies  as  well. 

Flooded  soils  have  been  shown  to  promote  more  rapid  mineralization 
of  soil  N chan  nonflooded  soils,  due  in  part  to  the  lower  N requirement  of 
the  anaerobic  microorganisms  and  their  lower  rate  of  synthesis  (Patrick 
and  Hyatt,  1984).  betting  and  drying  cycles  stimulate  N mineralization. 
Thus,  control  of  soil  moisture  through  management  offers  possibilities  to 
manipulate  soil  N mineralization  beneficial  to  rice  production,  but 
negatively  affects  efficient  use  of  inorganic  N on  paddy  rice. 

The  presence  of  colloidal  material  in  soils  with  both  organic  and 
Inorganic  components  has  been  known  to  influence  the  rate  of 
mineralization  of  N contained  in  the  organic  fraction.  Craswell  et  a1. 
(1970)  found  that  N mineralization  rates  in  a waterlogged  soil  increased 
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•ith  decreased  aggregate  diameter.  They  surmised  that  smaller  aggregates 
contained  a larger  portion  of  readily  mineralized  organic  N, 

Mhen  iadeled  N fertilizer  was  applied  to  soil  it  «as  shown  that  a 
priming  effect  occurred  in  the  rice  paddy  (Broadbent  and  Hikheison,  19BB). 
An  acceleration  of  ammonla-N  production  occurred  from  soil  sources  due  to 
application  of  fertilizer.  This  ainonia  production  Increased  while  the 
applied  N existed  in  the  anenonium  form.  Mineralization  rates  in 
fertilized  and  nonfertillzed  soils  became  similar  after  applied  aimnonla-N 
had  disappeared  from  the  fertilized  soil. 

Incorporation  of  crop  residues  into  paddy  soils  represents  an 
addition  of  organic  N,  but  the  effect  on  overall  N mineralization  may  be 
a temporary  decrease  in  rate,  or  period  of  Immobilization,  depending  on 
the  nature  of  straw,  tef^erature,  soil,  and  other  factors.  In  the  case  of 
net  Immobilization,  the  quantity  of  N assimilated  by  microorganisms  is 
usually  lower  in  flooded  rice  than  dry-land  rice  (Williams  et  al.,  1968), 
Fertilizer  H is  normally  required  to  maximize  rice  yields, 
especially  when  proper  cultivar,  climate,  and  cultural  practices  are 
selected  to  help  optimize  economic  benefits.  Aononium-N  sources,  In  most 
cases,  have  proven  to  be  more  effective  than  nitrate-N  in  lowland  rice 
systems  due  to  denitrification  of  nitrate  fertilizers  (Wells  and  Turner, 
19B4;  Evatt,  1964).  Little  or  no  differences  In  grain  yield  is  observed 
when  different  sources  of  ammonium-K  are  used  (Patrick  et  al.,  1965). 
Differences  in  efficiency  are  related  to  both  application  method  and  soil 
conditions.  However,  urea  is  usually  slightly  Inferior  in  performance  to 
ammonium  sulfate,  most  likely  due  to  volatilization  of  ammonia  following 
a pH  increase  after  urea  hydrolysis  (Vlek  and  Craswell.  1979). 


Urea  accounts  for  about  30X  of  the  N fertilizer  used  1n  the  USA  and 
approxiiuatety  8CW  of  the  N fertilizer  used  In  Asia  (Hauck,  1S8S).  Urea's 
popularity  Is  due  to  its  high  analysis  (46-0-0)  and  therefore  lower 
transportation  costs.  There  are  sone  innovative  urea  fomulations  such  as 
supergranular  urea  and  suTfur-coated  urea  (SCU)  reported  to  have  Increased 
efficiency.  CraswelT  and  DeOatta  (1980)  studied  data  from  117  fertility 
trials  in  11  countries  and  reported  that  deep  placement  (10  cm)  of  urea 
supergranules  and  the  use  of  SCU  is  effective  in  increasing  rice  yields 
compared  to  traditional  split  application  of  prilled  urea. 

Proper  timing  of  N fertilizers  and  placement  are  essential  to 
efficient  use  of  N resources.  Under  optiiaum  conditions,  only  60-70%  of  N 
fertilizers  are  recovered  by  the  rice  plant  (Patrick  et  a1.,  19BS).  Wells 
and  Turner  (1984)  suggest  the  following  management  practices:  1.  Water- 
seeded  rice  grown  in  permanently  flooded  conditions  generally  yields  best 
with  preplant  N placed  5-10  cm  deep  in  the  reduced  soil  layer;  2)  Dry- 
seeded  rice,  with  intermittent  flooding,  typically  yields  best  with  split 
N applications  that  coincide  with  high  demand  growth  stages.  Rice  has  two 
peak  demands  periods,  during  the  tillering  phase  when  the  number  of 
panicles  is  determined,  and  early  reproductive  phase  when  the  number  of 
grains  per  panicle  and  grain  weight  is  determined. 

Nitrogen  timing  and  rate  experiments  have  been  conducted  In  Texas 
and  Louisiana,  on  both  tall  and  semidwarf  cultivars  to  determine  optimum 
practices  for  maximized  main  and  ratoon  crop  grain  yields.  Turner  and 
NcHrath  (1988)  conducted  experiments  in  Texas  on  two  cultivars.  Labelle 
(ta11)  and  lemont  (a  semidwarf  similar  to  Gulfmont)  were  treated  with 
different  H rates  and  timing  regimes.  Main  crop  treatments  consisted  of 
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(113  and  167  Kg  X ha  ')  for  tht  relativaly  low  N response  LabelU  and  high 
(167  and  224  kg  N ha'')  urea-N  rates  on  Lemnt,  a high  N response  cultlvar. 
The  tine  of  application  treatnents  Included;  preplant/preflood  (PP/PF), 
PP/PF/panicle  differention  (PD),  PP/PF/HD  (H).  and  PP/PF/heading  ♦ 2wks 
(H2)  over  all  N treatments,  in  addition,  the  ratoon  crops  were  treated 
with  0,  56,  and  112  Kg  N ha'  ianedlately  after  malr  crop  harvest. 

Effects  on  main  crop  showed  that  application  of  II  at  PD  for  Labelle 
and  Lenort  always  produced  highest  yields.  Applying  N at  H or  H2  rather 
than  at  PD  tended  to  reduce  main  crop  yields  by  0.1  to  1.0  t ha'',  probably 
because  the  main  crop  became  N deficient  at  PO.  Main  crop  yields  of 
tabelle  and  Lenort  Increased  significantly  as  total  N applied  at  the  PO 
stage  increased. 

The  ratoon  yields  of  both  cultivars  were  not  related  to  main  crop  K 
rate  or  main  crop  yield.  However,  applying  nain  crop  K at  H or  H2  rather 
than  at  PD  tended  to  increase  ratoon  crop  yields  of  Labelle  by  0,1  to  0.4 
t ha  ' and  Lenort  by  0.3  to  0.7  t ha  '.  Along  with  ratoon  crop  yield 
Increase  when  N was  applied  at  or  rear  heading,  main  crop  yields  decreased 
apparently  because  no  N was  available  at  PO.  It  is  reasonable  to  assume 
that  N applied  at  PD  and  at  or  near  H would  have  increased  ratoon  and 
total  rice  yields. 

Hhen  N was  applied  to  Che  ratoon  crop  at  the  rate  of  0 and  56  kg  K 
ha''  yield  increased  from  0.0  to  0.9  t ha'',  fiaxlnum  yield  increase  due  to 
112  kg  N ha  ' for  both  cultivars  was  1.1  to  1.2  t ha''  for  Labelle  and 
Lemont,  respectively.  Adequate  ratoon  yields  of  2.7  t ha'  for  Labelle  and 
3.5  t ha''  for  Lemont  were  obtained  when  N was  applied  at  or  near  nain  crop 
heading  and  112  kg  N ha~'  was  applied  to  the  ratoon  crop. 


In  Louisiana,  Sraniliin  et  a1 . (1985)  looked  at  tOe  effect  of  N rate 
and  Cliaing  of  application  on  Che  performance  of  selected  rice  cuUivars, 
Several  semldvrarfs  including  Gulfmont  and  a tall  cultivar  (Hars)  were 
water'Seeded  on  a Crowley  slit  loam.  Nitrogen  treatments  were  banded  7 d 
prior  to  permanent  flood  et  tne  rates  of  0,  3«,  E7,  lOl,  134,  and  16B  kg 
N ha''.  The  101  kg  N ha''  rate  was  also  spilt  57  PP  and  34  kg  N ha''  at 
either  PO  or  panicle  Initiation  (PI).  A ratoon  N rate  of  07  kg  N ha''  was 
broadcast  on  dry  soil  after  main  crop  harvest  and  the  crop  was  limediately 
flooded.  Solfmont  reodired  101  kg  N ha  ' for  a masimim  yield  of  B.8  t ha  ' 
(rough  rice  at  12%  moisture).  Splitting  N application  usually  reduced 
grain  yields  below  that  of  a single  PP  N application  especially  when  a PP 
application  of  57  kg  N ha''  or  less  was  found  Insufficient  to  prevent  N 
deficiency  before  PI.  This  was  the  case  for  Gulfmont,  Out  Hars  responded 
well  to  spilt  applications  due  to  decreased  lodging  at  the  higher  N rates. 

Brandon's  study,  contrary  to  the  Texan  study,  found  that  main  crop 
N rates  enhanced  ratoon  yields  of  Gulfmont,  Lemont,  and  Hars.  Analysis  of 
the  total  crop  yield  (main  and  ratoon  crops)  showed  that  101  kg  N ha'  PP 
on  the  main  crop  gave  highest  ratoon  yields  and  total  yields  for  all 
cultivars.  The  sane  trend  was  true  for  the  other  cultivars.  This  study 
clearly  showed  that  optimum  N management  in  the  main  crop  favored  optimum 
grain  yields  of  the  ratoon  crop.  It  was  also  observed  that  regrowth  of 
Che  ratoon  crop  from  a main  crop  stubble  was  influahced  by  main  crop  N 
rates.  Racoon  regrowth  was  generally  more  rapid  in  low  N rates  of  main 
crop  than  in  moderate  to  excessively  high  N rates.  The  authors  speculate 
that  this  response  to  N is  likely  due  to  a higher  concentration  of 
carbohydrate  reserved  In  the  stubble  of  low  main  crop  N treatments  at  0 
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and  34  kg  N ha'  ■here  grain  yields  are  le».  The  higher  main  crop  yields 
with  higher  N rates  probably  depleted  the  carbohydrate  reserve  in  the 
stubble  oF  these  N treataents  and  reduced  regroMth  rates. 

In  another  experiieent  by  Brandon  et  a1.  {198S),  Lebonnet,  a tail 
cultivar,  and  several  senldwarfs  including  Gulfnont,  »ere  drill-seeded  and 
fertilized  at  0,  3«,  67,  101,  and  IE8  kg  N ha’’  applied  at  PF.  The  101  kg 
N ha  ' rate  was  also  split  with  67  at  PF  and  34  kg  h ha  ' at  PI  and  67.2  at 
PF  and  33.2  kg  N ha''  at  PD.  Naxinoa  main  crop  yields  were  attained  at  the 
168  kg  N ha*’  rate  applied  PF.  This  N rate  was  higher  than  expected  on  a 
high  organic  natter  Horeland  clay  soli.  The  authors  speculated  that  a 
failure  to  naintain  a continuous  flood  resulted  in  reduced  N fertilizer 
efficiency  due  to  denitrification  and  volatilization.  Split  applications 
resulted  in  significantly  lower  grain  yields  of  all  cultivars  than  a 
single  PF  application  of  101  kg  N ha'.  Split  N applications  are  usually 
less  effective  than  a single  PF  application  of  total  N in  a drill-seeded 
systen  if  the  PF  N rate  is  high  enough  to  prosiote  nomal  plant  growth  and 
developnent  through  PI. 

Heavy  application  of  N on  cultivars  susceptable  to  a particular 
insect  or  group  of  insects  nay  aggravate  a serious  pest  attack.  A series 
of  experinents  conducted  in  the  Philippines  have  deiaonstrated  that 
cultivars  gave  a higher  yield  response  to  N with  a higher  level  of  insect 
control  than  with  low  control  levels.  Furthermore,  these  investigations 
show  that  N efficacy  depends  not  only  on  solar  radiation  Out  also  varietal 
resistance  to  insects  and  diseases  (DeDatta  and  Halabuyoc,  1976). 

Solar  radiation  fuels  photosynthesis  and  is  highly  correlated  to 
grain  yield  (DeDatta  and  Zarate,  1970).  In  a date  of  planting  study  by 
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DeDjtti  and  Zarate  {1970),  grain  yield  of  four  cultlvars  Increased 
linearly  as  N levels  Increased  to  120  kg  N ha'  and  as  solar  radiation 
Increased  to  a high  of  20  kca1  cn'^. 

The  efficiency  of  weed  control  Influences  the  response  of  rice  to  N 
fertilizer.  Experinental  evidence  suggests  that  without  adequate  weed 
control,  fertilizer  should  not  be  applied  (OeOatta,  1981). 

Water  nanagenent  likely  affects  the  efficient  use  of  N fertilizer  by 
lowland  rice.  The  water  regliie  of  a lowland  paddy  determines  the 
oxidation-reduction  potential  of  the  soil  which  In  turn  affects 
nitrification  and  denitrification  (DeDatta,  1981) 

Nitrogen  fertilization  Is  necessary  for  optimizing  both  the  main 
crop  and  ratoon  crop  perfomance.  In  field  trials  conducted  at  IRRl. 
Increases  In  N rates  applied  to  the  main  crop  resulted  In  Increased  main 
and  ratoon  crop  yields.  The  ratoon  crop  also  had  an  Increased  number  of 
filled  grains  per  panicle  (IRRl,  1975).  Bahar  and  DeDatta  (1977)  reported 
ratoon  yield  Increased  to  l.S  t ha  ' with  application  of  SO  kg  N ha  ' to 
the  ratoon  crop.  However.  80  kg  N ha''  was  applied  to  the  main  crop  at  PI 
and  residual  N nay  have  remained  for  the  ratoon  crop.  Thus  optimum  N 
level  for  high  ratoon  yields  Is  likely  higher  than  60  kg  N ha'’.  Evatt 
(1964)  suggested  that  a rate  equal  to  7SX  of  main  crop  fertilizer  be 
applied  to  the  ratoon  crop  and  application  should  be  imnedlately  following 
main  crop  harvest  for  maximum  efficiency.  Nitrogen  fertilizers  should  be 
placed  close  to  the  stubble  rows  to  ensure  rapid  uptake  (Plucknett  et  al., 
1978). 
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Ritaon  trilts  other  than  yield  are  aUo  affected  dy  nitrogen 
application.  Ichii  and  Kuwada  (19S1)  found  in  greenhouse  experiments  that 
ratoon  tiller  aeight  and  number  decreased  significantly  when  N was  deleted 
from  fertilizer  nutrient  solutions.  Since  these  traits  contribute  to 
ratoon  grain  yield,  h is  essential  to  good  ratoon  performance.  The 
reduction  of  ratoon  growth  was  attributed  to  the  Inhibitory  effect  of 
nitrogen  deficiency  adversely  affecting  the  utilization  of  reserve 
substances  in  the  stem  base. 

Proper  placement  of  main  crop  nitrogen  fertilizer  has  been  found  to 
have  beneficial  effects  on  ratoon  yields.  Quddus  (1981)  and  Sanson  (1980) 
stated  that  N placement  deep  in  the  soil  during  the  main  crop  growth 
increased  ratoon  grain  yields  by  13%  over  split  application.  The  increase 
was  mostly  due  to  higher  panicle  densities.  Split  application  in  the  main 
crop  delayed  flowering,  harvesting,  and  lowered  leaf  area  index  in  the 

Quddus  (1981)  noted  that  deep  soil  placement  (8-10  cm)  of  N on  the 
ratoon  crop  oroduced  significantly  higher  yields  than  equal  rates  of 
broadcast  N.  This  yield  increase  was  due  to  higher  numbers  of  panicles 
per  plent,  more  filled  soikelets  oer  panicle,  and  more  vigorous  plants. 

Carbohydrate  reserves  remaining  in  the  main  crop  culms  after 
harvest,  are  critical  for  successful  performance  of  a ratoon  crop  (Ichii 
and  Sumi,  1983;  Ichii  and  Kuwada.  1981).  Ichii  conducted  two  experiments 
that  help  to  point  out  the  Importance  of  stem  reserve  carbohydrates.  The 
first  experiment  was  a field  study  on  effects  of  cutting  time  at  10,  20, 
30,  and  40  d after  heading  of  main  crop  and  its  effects  on  ratoon  weight 
per  stem,  ratoon  height,  and  percentage  of  ratoon  tillers  (lch11 ,1984) . 


Over  all  thirty  cuUivars  tested  in  the  study,  the  three  ratoon  response 
variables  decreased  significantly  after  the  first  cut  on  the  lOth  d after 
main  crop  heading.  On  the  30'"  and  «o'"  d after  heading,  (cutting  time) 
all  ratoon  traits  slowly  increased  to  higher  levels  though  still  far  lower 
than  measured  at  the  10'"  d cutting  time.  Soga  and  Nozaki  (1957)  reported 
that  rice  culms  carbohydrate  content  decreased  during  the  grain  filling 
period  between  the  10'"  and  25'"  d after  heading  and  slightly  increased 
afterwards.  Thus,  with  reduced  culm  reserves,  as  grain  fill  proceeded, 
Inportant  ratoon  yield  traits  also  decreased  suggesting  that  the  early 
ratoon  crop  growth  is  dependent  on  accumulated  carbohydrate  in  the  stem 
base  of  the  mother  plant. 

Ichii  and  Sumi's  (1903)  second  study  was  a greenhouse  experiment 
where  six  cultivars  were  subjected  to  three  shading  regisies.  They  Included 
0,  25,  and  sot  shade  from  four  d before  heading  to  10  d after  heading  to 
regulate  stem  carbohydrate  reserves.  Afterwards,  the  plants  were  cut  at 
5 cm  height  and  placed  in  the  dark  at  25  C‘.  No  N fertilizer  was  added  to 
the  ratoon  crop.  Ratoon  tiller  height  and  percentage  of  ratoon  tillers 
(relative  to  main  crop  tillers)  were  measured  on  a regular  schedule  until 
the  40'"  d after  cutting.  Ratoon  weight  per  stem  was  recorded  once  on  the 
40'"  d after  cutting.  Stem  bases  of  the  main  crop  were  measured  for  total 
available  carbohydrate  (TAC)  on  the  day  of  cutting.  The  analysis  shows 
that  from  no  shade  to  25X  shade  the  percentage  of  ratoon  tillers,  and 
ratoon  height  and  weight  decreased  correspondingly.  There  was  a linear 
relationship  between  stem  base  weight  per  stem  of  the  main  crop  and  TAC 
pen  stem.  Also,  correlation  coefficients  were  positive  and  highly 
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significant  between  weight  of  sten  bases  and  TAC  in  the  nain  crop  stubbie 
and  percentage  of  ratoon  tillers,  and  ratoon  height  and  weight. 

ilitoon  Rice  Growth  and  Develooaent 

The  growth  phenomenon  in  plants  is  defined  by  three  cellular  events- 
The  first  two,  ceil  division  and  cell  enlargement.  Involve  increases  In 
cell  volume.  The  third  event  is  cellular  differentiation  in  which  plant 
cells  specialize  into  distinct  tissues  of  different  morphology  and 
function  (Salisbury  and  Ross,  1985).  Gardner  et  al,  (1985)  state  that 
agronomists  usually  define  growth  as  an  Increase  in  dry  matter  which 
includes  cellular  differentiation.  Dry  matter  production  typically  has 
the  greatest  econcuaic  importance. 

These  processes,  of  course,  apply  to  rice  ratoon  in  Chat  dry  natter 
accumulation  and  phasal  changes  occur.  The  following  description  of  nain 
crop  rice  ontogeny  also  applies  to  ratoon  rice.  There  are  three  main 
phases:  1)  The  vegetative  phase  occurring  from  seed  germination  to 
panicle  initiation,  2)  Reproductive  phase  occurring  from  panicle 
Initiation  to  flowering,  end  3)  The  ripening  phase  occurring  from 
flowering  to  seed  maturity  (DeDatta,  1981:  Stansel,  1975;  Ishizuka,  1971). 

Ratoon  crop  duration  has  been  reported  to  be  between  45X-70X  that  of 
the  main  crop  duration  (Prashar  1970b).  Huch  of  this  reduced  maturation 
lime  is  due  to  a reduced  vegetative  phase  duration.  Stansel  (1975) 
observed  that  the  nain  crop  vegetative  phase  of  early  maturing  cultivars 
is  approximately  60-65  d depending  on  temperature,  pest  incidence,  and 
cultural  practices.  The  vegetative  phase  of  the  ratoon  in  the  Southern 
USA  is  around  30  d.  This  candensatidh  of  the  ratoon  vegetative  phase  may 
be  due  to  time  saved  in  gemination  and  seedling  energence. 
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RjCoon  vegetative  grovth  U unigue  fron  nain  crop  vegetative  grputh 
In  several  ways.  Ratoon  plant  height  Is  shorter  and  the  nimiber  of  panide 
bearing  tillers  is  fewer  than  in  aaln  crop,  though  soeie  ratoon  crops  have 
produced  more  total  tillers  than  the  main  crop  (Bahar  and  OeOatta,  1977; 
Balasubramanian  et  al.,  1970).  hany  of  the  ratoon  tillers  are 
unproductive  as  some  axillary  buds  waste  carbohydrates  Chat  could  go  into 
grain  filling  (Evatt.  1958).  Ratoon  tillers  develop  from  viable  axillary 
buds  left  on  the  main  crop  stubble.  Prashar  (1970b)  noted  that  ratoon 
tillers  fron  higher  nodes  formed  more  quickly,  developed  faster,  and 
matured  earlier  than  tillers  fron  lower  nodes  in  transplanted  rice. 
Prashar  (1970b)  and  Evatt  (1958)  both  noted  that  tillers  generated  from 
basal  buds  were  all  reproductive  or  effective  tillers  containing  panicles 
and  that  tillers  fron  upper  nodes  had  short  and  sparse  heads.  Tet 
researchers  in  China  working  with  transplanted,  late  naturing  rice  hybrids 
reported  that  ratoon  tillers  generated  from  the  highly  viable  buds  on  the 
2"*,  B"".  and  s"  nodes,  produced  panicles  with  more  grains  but  a lower 
percentage  filled  spikelets  from  the  lower  nodes  (Xiaohui  et  al.,  198B). 
Panicles  from  the  2'*'  node  produced  fewer  grains  but  with  a higher 
percentage  fill . The  2’"  node  tillers  were  calculated  to  contribute  20-4511 
of  total  yield  while  2*^  and  3^  node  tillers  combined  produced  70%  of 
total  yield.  Therefore  two  to  three  nodes  should  he  left  on  the  main  crop 
stubble  to  promote  higher  ratoon  grain  yields,  Another  unique  feature  of 
ratoon  vegetative  growth  Is  that  ratoon  tillers  are  likely  dependent  on 
the  main  crop  root  system  for  nutrients  for  at  least  2!  d after  harvest 
(Chauhan  et  al.,  1965).  These  researchers  also  reported  that  ratoon 
tiller  roots  from  cultlvar  IR44  contributed  11-19%  to  the  total  root  mass. 
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Thus,  the  presence  of  1 vigorous  mein  crop  root  systen  allows  for  a rapid 
Initiation  of  ratoon  tillers.  For  exanple,  Che  aopearance  of  the  first 
tiller  of  IR44  occurred  between  the  first  and  tenth  day  after  cutting, 
while  it  took  froie  20-24  d for  the  main  crop  first  tiller  to  form. 

The  ratoon  reproductive  phase  is  similar  to  that  of  the  main  crop. 
DeDntta  (ISBl]  mentioned  four  stages  of  the  ratoon  reproductive  period:  1) 
PI  and  development,  2)  booting,  3}  heading,  and  4)  flowering,  pollination, 
and  fertilization.  Panicle  Initiation  is  the  beginning  of  the 
reproductive  phase.  The  panicle  primordia  first  appears  in  a single  stem, 
usually  first  in  the  main  culm  followed  by  other  tillers  In  an  uneven 
pattern.  Panicle  differentiation,  when  30t  of  the  main  culms  have 
panicles  2 nn  or  longer.  Is  a more  useful  concept  to  identify  the 
reproductive  phase  under  field  conditions.  Panicle  differentiation  occurs 
3-5  d after  PI.  The  panicle  lengthens,  spikelets  became  distinguishable, 
and  Che  panicle  grows  upward  into  the  flag  leaf  sheath.  Then  booting,  or 
swelling  of  the  flag  leaf  sheath  occurs  and  lower  leaves  may  senesce. 
Heading  occurs  when  the  panicle  emerges  out  of  the  flag  leaf  sheath. 
Flowering  then  proceeds  in  which  florets  open,  the  filaments  elongate,  and 
pollen  is  shed  from  the  anthers.  Rice  is  a highly  se1f-pol I inated  crop. 
In  fact,  it  is  not  uncommon  for  anthers  to  shed  their  pollen  before  the 
spikelet  opens  (Stansel,  1975).  The  flowering  process  takes  3-5  d 
starting  at  the  top  of  the  panicle  and  proceeding  down  to  the  base. 
Flowers  are  open  For  a few  hours  from  mid-morning  to  early  afternoon. 
Actual  fertilization  is  completed  in  about  30  min  after  pollination.  High 
winds  and  low  temperatures  hinder  pollination  while  sunlight  during 
flowering  promotes  good  pollination  (Stansel,  1975). 


The  ripening  phase  of  ratoon  production  begins  after  pollination  and 
fertilization  and  takes  30-35  d under  Florida  climatic  conditions, 
DeOatta  (19B!)  mentions  three  stages  of  the  ripening  process:  1)  milk 
grain  stage,  when  the  caryopsis  is  being  filled  with  carbohydrates  in  the 
Form  of  a milky  white  fluidi  2)  dough  stage,  when  this  milky  substance 
dries  and  forms  first  a soft  then  a hard  dough;  3)  physiological  grain 
maturity  stage  when  grains  turn  color  from  green  to  yellow,  become  fully 
developed  and  become  hard  textured.  When  90-10CK  of  the  filled  soikelets 
turn  yellow  this  stage  is  considered  to  be  complete. 

Aspects  of  Growth  analysis 

Growth  analysis  is  an  effective  tool  to  study  development  of  grosrth 
stages,  environmental  Impact,  and  treatment  effects  on  plant  development. 
Growth  analysis  typically  involves  two  types  of  measurements:  leaf  area 
and  dry  weight  of  plant  parts  at  selected  time  intervals.  From  these  two 
types  of  measurements  a number  of  descriptive  growth  analysis  terms  can  be 
calculated.  Besides  phasal  changes,  plant  growth  primarily  involves  dry 
weight  accumulation.  This  growth  is  a function  of  genotype  and 
environmental  interactions  and  can  be  characterized  by  a sigmoid  curve 
(Gardner  et  a1.,  1985). 

This  sigmoid  curve  is  made  up  of  3 primary  phases,  according  to 
Salisbury  and  Ross  (1985).  This  curve  graphically  demonstrates  the  growth 
pattern  of  many  organisms  or  organs,  tissues,  and  even  cell  constituents. 
In  the  first  phase,  or  logarithmic  phase,  the  size  of  the  plant  increases 
exponentially  with  time.  The  rate  of  growth  is  initially  slow  but 
continuously  increases  and  Is  proportional  to  the  size  of  the  plant. 
Next,  the  linear  phase,  results  in  a size  increase  at  a constant,  usually 


iMjiitwni,  rate  for  sore  tire.  Finally,  the  senescence  phase  Is 
characterized  by  a decreasing  growth  rate  as  plant  maturity  approaches, 
fallowed  by  eventual  senescence.  This  process  of  growth  applies  to  both 
main  crop  and  ratoon  crop  rice,  though  the  growth  phases  are  shorter  In 
ratoon  rice  due  to  a reduced  crop  duration. 

The  slope  of  the  linear  portion  of  the  growth  curve  1s  commonly 
known  as  the  crop  growth  rate  (CGR)  (Gardner  et  al..  19S5).  Radford 
(1967)  defines  CGR  as  an  Instanteous  nieasurerent  In  tine  of  plant  natter 
Increase  per  unit  land  area.  The  CGR  of  stems,  leaves,  and  panicles  can 
be  calculated  from  the  linear  portion  of  their  respective  sigmoid  growth 
curves  vdiich  is  generated  from  their  dry  weight  measurements  taken  over 
the  ontogeny  of  the  crop.  Gardner  et  al.  (19S5)  suggested  a mean  CGR  of 
2D  g m*^  d~'  is  respectable  for  most  C3  plants  and  3D  g m*^  d''  is  possible 
for  C4  plants.  Rice  Is  a C3  plant. 

Dry  matter  accumulation  Is  an  integral  of  CGR  over  the  entire  growth 
period  and  Is  related  to  grain  yield  by  the  harvest  index  (Ishizuka, 
1971).  Harvest  index  is  the  ratio  of  grain  yield  to  total  biomass  yield 
(Donald  and  Handslin,  1976).  Ratoon  biomass  yields  are  most  likely  to  be 
smaller  than  main  crop,  yet  ratoon  grain  yields  are  highly  variable  due  to 
genotypic  and  environmental  influences  (Chauhan  et  al.,  19S5).  Therefnre 
It  Is  difficult  to  make  any  definitive  statements  about  ratoon  harvest 
Index  vnlues. 

Important  parameters  of  growth  analysis  which  influence  grain  yield 
are  grain-filling  rate  and  duration.  Fugita  at  a1.  (198<)  conducted 
experiments  on  rice  cuUlvars  and  measured  effective  grain  filling  period 
(EGFP)  from  flowering  to  the  point  of  maximum  grain  dry  weight  attainment. 


Ths  beg^rnlng  of  EGFP  Is  not  precisely  defineP.  The  end  of  £SFP  Is 
generally  defined  as  the  date  when  there  is  no  significant  increase  in 
grain  dry  weight.  Yoshida  and  Hara  (1977)  reported  that  higher 
temperatures  usually  resulted  in  shorter  grain  filling  duration  and 
increased  grain  fill  rate.  Light  intensity  had  no  effect  on  these 
parameters. 

Different  methods  are  used  to  measure  grain  fill  rate.  Fugita  et 
a1.  (1984)  calculated  grain  fill  rate  by  dividing  naximum  grain  weight  by 
the  grain  fi11  duration.  Jones  et  al.  (1979)  used  the  slope  of  the 
regression  analysis  of  seed  weight  against  tine  for  grain  fill  rate.  They 
further  state  that  grain  filling  rate  seems  to  be  more  ii^ortant  than 
grain  fill  duration  because  grain  filling  rate  was  significantly  and 
positively  correlated  with  panicle  weight,  panicles  per  square  meter,  and 
grain  weight. 

Leaf  area  index  (LAI)  is  the  ratio  of  whole  plant  leaf  surface  area 
to  planted  area.  Though  LAI  is  only  defined  by  laminar  surfaces  there  are 
other  photosynthetically  active  surfaces.  According  to  Gardner  et  a1. 
(1989)  certain  plant  parts,  such  as  heads,  leaf  sheaths,  and  awns  of  some 
cereals,  also  contribute  to  carbon  assimilation.  Dry  matter  accumulation 
rate  is  dependent  on  a crop  LAI  (Yoshida,  1972). 

Two  theories  are  prominent  concerning  the  relationship  between  CGG 
and  LAI.  Gardner  et  a1 . (1983)  noted  that  critical  LAI  and  optimum  LAI 
express  conceptual  differences  in  the  relation  of  CGR  to  LAI.  In  both 
examples  CGR  increases  up  to  the  LAI  value  at  which  most  of  the  solar 
radiation  is  intercepted.  After  the  maximum  CGR  Is  attained,  the  two  LAI 


concepts  differ.  Critical  LAI  is  the  LAI  where  95t  of  the  solar  radiation 
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has  keen  intercepted.  Increasing  the  LAI  above  95X  radiation  interception 
results  In  insignificant  CGR  increases  or  mutual  shading  of  lower  leaves 
and  reduced  CGR.  The  critical  LAI  response  occurs  in  plant  species  where 
new  leaves  occur  at  the  top  of  Che  plant  and  fully  expanded  botton  leaves 
are  shaded  and  therefore  have  reduced  photosynthesis  and  respiration.  The 
opCiTun  LAI  response  nay  occur  when  young  leaf  tissue  is  shaded  by  older 
leaves  higher  in  the  canopy  (as  in  orchardgrass)  and  the  new.  actively 
growing  leaf  tissue  Imports  photsynthates  from  other  leaf  tissues  for 
growth.  This  new  leaf  tissue  increases  Us  respiration  which  can  not  be 
matched  by  photosynthesis  due  to  shading  and  at  this  point  the  LAI  has 
exceeded  the  optinum  LAI. 

Fagade  and  DeOatta  (1971)  reported  that  a rice  canopy  has  no  optimum 
LAI  value  for  leaxlnuii  grain  yields  in  improved  plant  types.  Yoshida 
(1981)  reported  similar  results  and  stated  that  rice  displays  a critical 
LAI  from  four  to  eight  for  cultivars  with  erect  and  droopy  leaves, 
respectively. 

Rice  grain  yield  is  a function  of  four  yield  components  which  occur 
at  distinct  stages  throughout  the  plant's  life  cycle.  These  components 
are:  I)  the  number  of  panicles  per  unit  land  area,  2)  the  number  of 
florets  (spikelets)  per  panicle,  3)  the  percentage  Filled  florets 
(spikelets),  and  4)  grain  siae  measured  as  grain  weight.  DeDatta  (1981) 
and  Matsushima  (1960)  suggested  the  following  equation  to  express  the 
relation  between  yield  and  yield  components. 


Griln  yield*  Nunber  of  panicles  per  unit  area  x 

Number  of  splkelets  per  panicle  x 
Percentage  of  ripened  spikelets  x 
Height  of  1000  grains 

The  number  of  panicles  per  unit  area  is  mostly  determined  through 
tillering  stage  to  the  lO’"  d after  the  maximum  tiller  number  is  attained. 
The  supply  of  N and  solar  radiation  affect  this  yield  component  at 
tillering  (Hatsushima,  1980;  Ishizuka,  1971).  Within  limits,  increased  N 
rates  increase  tiller  number,  and  therefore,  panicle  number  per  unit  area. 
In  transplanted  rice,  though,  excess  N applied  before  panicle  initiation 
Increased  the  number  of  non-bearing  tillers.  However,  when  solar  radiation 
decreases  in  the  reproductive  stage,  spikelet  nunber  n'*  decreases  when 
panicle  nunAer  Is  too  high.  DeDatta  (1981)  noted  that  with  the  combination 
of  high  daytime  temperatures  and  solar  radiation,  and  low  nighttime 
temperatures  during  tillering,  panicle  number  can  increase  without 
reducing  spikelet  number.  Voshida  (1972)  noted  that  panicles  per  unit  area 
can  be  affected  by  plant  density  and  amount  of  tillering.  Plant  density  Is 
controlled  in  direct-seeded  systems  by  seeding  rate  and  row  spacing.  Low 
tillering  cultivars  are  desired  in  such  a system,  and  most  tillers  produce 
a panicle  when  fertilized  at  the  proper  N rate.  In  transplanted  systems 
at  conventional  spacing,  high  tillering  cultivars  are  desired  to  achieve 
optimum  plant  densities  of  panicle-bearing  tillers  when  sufficient  N and 
phosphorus  are  available. 

The  nunkier  of  spikelets  per  panicle  is  a function  of  two  critical 
periods  between  neck-node  differentiation  (32  d before  heading)  and  the 
end  of  reduction  division  (5  d before  heading).  The  first  critical  period 


is  the  secondsry  rachis-brench  differentiation  stage  in  which  the  naxlmjn 
miTber  of  grains  is  being  deterained.  The  second  period  Is  the  nelosis 
stage  when  sperm  and  egg  cells  develop.  It  Is  during  this  second  period 
that  the  final  splkelet  number  Is  determined.  Adverse  climate  or  plant 
stress,  such  as  Tow  solar  radiation  or  N can  cause  spikeiets  and  secondary 
rachis-branches  to  degenerate  (Hatsushima,  19B0). 

The  nuntier  of  fertile  spUeTets,  or  percentage  filled  spikelet,  Is 
calculated  by  dividing  the  number  of  fully  developed  spikeiets  by  the 
total  number  of  spikeiets  on  a panicle  and  multiplying  by  100.  This 
component  is  developed  from  between  neck*node  differentiation, 
approximately  32  d before  heading,  to  the  yellow  grain  ripe  stage,  about 
30  d after  heading  (Hatsushima,  1980).  However,  the  percent  filled  grain 
is  primarily  determined  by  the  end  of  the  pollination  period.  Important 
factors  that  affect  the  percentage  filled  spikeiets  include:  1)  excessive 
levels  of  N lowered  the  percent  filled  spikeiets,  while  adequate  N applied 
during  panicle  development  generally  increased  percent  filled  spikeiets; 
2}  amount  of  carbohydrate  accumulated  before  heading  stored  in  the  culm 
and  leaf  sheath;  3)  low  solar  radiation  In  the  ripening  stage  decreases 
percent  filled  spikeiets;  4)  lodging;  5)  rate  of  carbon  assimilation;  6) 
low  temperature  at  reduction  division  stage  can  cause  non-viab1e  pollen 
while  high  temperatures  at  anthesis  can  cause  sterile  pollen;  7)  plant 
vigor;  B)  soil  salinity;  9)  drought  at  flowering  in  upland  and  rainfed 
lowland  rice;  10)  wind  at  flowering  can  cause  poor  pollination,  and  others 
(Voshida,  1981). 

Grain  weight  is  set  during  the  period  from  secondary  rachis-branch 
differentiation  to  late  ripening.  Yet,  this  yield  component  is  primarily 
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deUntfned  fron  anthesis  to  maturity.  Undar  most  conditions,  the  grain 
weight  of  rice  is  a stable  varietal  yield  component  (Soga  and  NozakI, 
1957).  The  weight  of  the  kernel  is  set  by  the  size  of  the  hull  set  at 
heading  and  the  ability  of  the  caryopsis  to  fill  the  hull  after  heading 
(Natsushina.  19S0).  Ishizuka  (1971)  stated  that  grain  weight  was  affected 
by  the  accunulated  carbohydrates  in  the  stem  before  heading  and  the 
photosynthesis  of  laminar  tissue  and  other  plant  parts  after  heading. 

The  Following  growth  analysis  study  investigates  the  effects  of  five 
N rates  on  a wide  range  of  growth  parameters.  It  is  the  author's 
intention  to  elucidate  the  effects  of  N treatment  applied  to  main  crop 
rice  cultivars  on  ratoon  crop  yield,  yield  components,  dry  matter 
accumulation,  and  growth  rates.  Nonstructural  carbohydrate  concentration 
of  culms  after  main  crop  harvest  have  been  quantified  to  observe  N effects 
on  carbohydrate  accumulation  in  stems  and  its  effect  on  ratoon  tillering. 


MATERIALS  AND  METHODS 


E»nertiient 

Growth  analysis  studies  were  conducted  at  the  Mined  Lands 
Demonstration  Project  (Agrlco  site)  located  approximately  33  An  southwest 
of  Bartow,  FI.,  during  the  1988  and  1989  growing  seasons.  The  research 
area  is  part  of  a recently  reclaimed  ZOO-ha  phosphatic  day  settling  pond. 
The  annual  precipitation  was  902  and  1041  nn  for  the  1988  and  1989  growing 
seasons,  respectively.  Average  monthly  temperatures  ranged  from  21  C*  to 
28  C during  the  April  to  November  growing  season  (National  Oceanic  and 
Atmospheric  Administration,  1988-89).  Phosphatic  settling  pond  clay 
(Haplaquent  clay)  was  burmed  and  leveled  prior  to  the  1988  growing  season. 
The  seedbed,  in  1988,  was  prepared  by  several  passes  over  the  field  with 
a rotovator.  In  1989,  the  paddy  was  reconstructed  and  releveied.  Grove 
disking  kept  the  area  weed-free  prior  to  planting  and  was  used  for  final 
seedbed  preparation  in  1989.  Plots  were  drill  seeded  at  a rate  of  100  kg 
ha'  on  April  8,  1988  and  April  7,  1989  In  a randomized  complete  block 
design  with  3 and  S blacks  in  1988  and  1989,  respectively.  Individual 
plots  consisted  of  seven  O.I8-ffl  spaced  rows  12.0  m in  length.  Iimediately 
after  planting,  plots  were  uniformly  fertilized  with  a broadcast 
application  of  50  kg  H ha"'  as  urea  as  a starter  fertilizer  and  irrigated. 
Treatments  consisted  of  two  cultivars,  'Lebonnet'  (Solllch  et  a1.,  1975) 
and  'Gulfmont'  (Bollich  et  a1.,  1990),  and  five  main  crap  N rates 
consisting  of  50,  100,  150,  200,  and  250  kg  N ha''  broadcast  as  urea. 
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These  N treatments  include  the  SO  kg  N ha*'  broadcast  1imediate1y  after 
planting.  In  1988,  N treatments  xere  applied  by  hand  44  d after  planting 
(DAP)  (22  Hay)  and  the  fields  were  pemanently  flooded  ineiediately 
folloHing  application.  In  1989,  nitrogen  was  applied  32  DAP  (10  May)  and 
the  paddy  was  penaanently  flooded  7 d later.  The  two  cultivars  were 
similar  In  growth  duration  (120  d maturity).  Plots  were  netted  in  late 
June  1988  and  mid-April  19B9  to  control  bird  predation.  Hain  crop  harvest 
was  August  18,  1988  and  August  9,  1989.  Yield  and  yield  components  were 
recorded  (see  next  section  for  details).  Imnedlately  after  harvest,  main 
crop  stubble  was  cut.  by  a hand-held  gas-powered  hedge  trinner,  to  a IS-cm 
height.  Approximately  one  week  later  plots  were  broadcast  with  100  kg 
N ha*'  (urea).  A permanent  flood  between  ten  to  fifteen  cm  was  established 
immediately  following  N application. 

Propanll  ([N-(3,4-dichlorophenyl )propanamidel)  4EC  and  Bolero  (S- 
((4-chlnrophenyl)methyl]diethylcarbamothlolate)  8EC  were  applied  for  weed 
control  on  April  30,  1988  and  Hay  5,  1989.  The  rate  of  Propani!  and 
Bolero  was  2.2  kg  ha*'  and  3.4  kg  ha*',  respectively.  Propanll  (2.2  kg 
ha*')  was  applied  once  more  just  prior  to  main  crop  permanent  flood  in 
1989.  Weeds  not  controlled  by  herbicide  or  flooding  were  pulled  by  hand 
in  both  the  main  and  ratoon  crops.  Ho  significant  insect  or  disease 
problems  were  encountered. 

Sampllno  Method 

Ten  biomass  samples  were  taken  from  both  the  main  and  ratoon  crop 
for  each  year.  Main  crop  biomass  samples  were  taken  at  heading  and 
harvest.  Ratoon  biomass  samples  were  taken  2,  4.  6.  and  8 weeks  after 
main  crop  harvest  (ratoon  vegetative  and  reproductive  phases),  and  weekly 
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during  the  ripening  growth  stages.  Each  plot  sample  consisted  of  5 center 
rows  0.5  n in  length  cut  at  ground  level,  Samples  were  placed  in  plastic 
bags  and  taken  to  the  laboratory  for  measurements.  Initially,  fresh  weight 
of  the  total  sample  was  recorded.  Then  a ES-p1ant  subsample  was  taken  from 
each  bionass  sample,  the  fresh  weight  recorded,  and  separated  Into  green 
leaf  blades,  stems  (including  leaf  sheaths),  and  panicles,  when  present. 
After  recording  the  fresh  weight  of  the  individual  plant  parts,  leaves 
from  each  subsample  were  measured  by  a leaf  area  meter  {Licor  Hndel  3100) 
to  determine  total  leaf  area  of  the  samples.  Samples  and  subsamples  were 
dried  at  0 45  C’  for  4-S  d and  dry  weights  were  recorded.  Dry  weight  per 
sguare  meter  for  each  plant  part  was  calculated  from  subsanple  dry  weights 
and  divided  by  the  area  sampled  at  each  bionass  sample  date.  Ratoon  plant 
part  weight  ai*.  leaf  area  indea  (LAI),  plant  height,  and  tiller  number 
were  plotted  over  all  biomass  sample  dates.  At  naturity,  the  remainder  of 
each  plot  was  harvested  for  yield  and  yield  components  by  taking  3 center 
rows  4 R in  length.  The  number  of  panicles  was  recorded  in  the  final 
harvest  biomass  sample.  Fifteen  panicles  from  each  plot  subsanple  were 
used  to  determine  grains  per  panicle,  grain  fill  factor,  and  1000-grain 
weight.  This  harvest  procedure  was  followed  for  both  main  and  ratdon 
crops,  harvested  grain  was  threshed,  weighed,  and  moisture  was  determined 
with  a comnercial  grain  moisture  meter.  A11  yields  were  calculated  as 
rough  rice  at  120  g kg  ' of  moisture. 

Total  Hon-structural  Carbohydrates 
Total  non-structural  carbohydrate  (TNC)  was  measured  on  the  bottom 
15  cn  of  culm  when  the  biomass  sample  of  the  main  crop  was  collected.  TNC 
analysis  was  by  the  Total  Nonstructural  Carbohydrate  (TNC)  Procedure 


(Christijnsen,  19SZ).  Stubble  sanpUs  were  collected  tn  the  field,  cooled 
down  limediately  on  Ice,  and  subsequently  dried  at  4S  C*  for  48  hr. 
Stubble  sanoles  were  ground  In  a HUey  mill  with  a 40-mesh  screen. 
Approiimately  100  mg  of  sample  was  weighed,  the  enact  amount  recorded,  and 
placed  into  25-mL  Erlenmeyer  flasks.  Five  ml  of  distlHed  water  was  added 
to  each  flask.  The  flasks  were  then  Iranersed  in  boiling  water  Oath  for  10 
min.  After  cooling,  5 ml  of  0.2  N acetate  buffer  (pH  4.5)  was  added  to 
each  flask,  followed  by  J ml  of  a solution  containing  Invertase  and  100 
units  of  anyloglucosldase.  The  flasks  were  then  incubated  in  a shaking 
water  bath  at  48  C"  for  48  hr.  Following  Incubation,  the  contents  were 
filtered,  diluted  (1:50)  and  0.2  ml  of  this  dilution  was  the  test  sampled, 
and  one  ml  of  alkaline  reagent  was  added  to  each  test  tube.  All  tubes  were 
placed  in  a boiling  water  bath  for  20  min  and  allowed  to  cool.  One 
milliliter  of  arsenomolybdate  reagent  was  added  to  each  tube,  for  color 
development.  Glucose  standards  were  used  to  calibrate  a Spec  20 
spectrophotometer  and  sample  absorbance  was  read  at  540  nm. 

Leaf  Tissue  Hltrooen 

Ten  V leaves  (the  most  fully-expanded  leaf  at  panicle  initiation) 
were  collected  at  random,  from  all  plots  in  the  1988  and  1989  main  crops. 
Ten  flag  leaves  were  collected  randomly  from  all  ratoon  plots  at  heading 
(K)  in  both  growing  seasons.  Leaf  tissue  was  dried  at  45  C for 
approximately  48  hr.  and  ground  In  a Wiley  mi11  with  a 40-mesh  screen. 
Exactly  100  mg  of  each  sample  and  a plant  standard  were  weighed  and  placed 
in  test  tubes.  To  each  test  tube  was  added  I.l  gm.  of  prepared  catalyst 
(Kelpak  powder  containing  potassium  sulfate,  copper  sulfate,  and  silicon). 
A blank  was  Included  in  the  testing.  Four  mL  of  concentrated  sulfuric  acid 
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was  aadeO  to  the  sanples  and  digested  for  3 hr.  After  the  tenperatiire 
reached  37S  C glass  funnels  were  placed  in  each  tube.  The  sample  test 
tubes  were  removed  from  the  digestioh  block  and  cooled  for  30  min.  The 
solutions  were  transferred  to  clean  50  mL  volumetric  Flasks  and  brought  to 
volume  with  deionized  water.  Samples  were  mixed  and  a 0.1  ml  aliquot  from 
each  sample  was  added  to  a clean  test  tubes.  Then  2.5  ml  of  buffer 
solution  and  1.0  ml  of  sodium  sal icylate/nitroprusside  were  added  to  each 
tube  and  vortexed.  One  mL  of  sodium  hypochlorite  was  added  to  each  sample 
tube  and  vortexed.  Samples  were  then  diluted  with  5.0  ml  of  deionized 
water  and  held  for  one  hr  for  color  development. 

This  leaf  N deteneination  is  based  on  a colorimetric  method  in  which 
an  emerald-green  color  is  formed  by  the  reaction  of  ammonia,  sodium 
salicylate,  sodium  nitroprusside,  and  sodium  hypochlorite  in  a buffered 
alkaline  medium  (Cataldo  at  a1 . , 1974).  Inorganic  nitrogen  standards  were 
used  to  calibrate  a Spec  20  spectrophotometer  and  sample  absorbance  was 
read  at  660  nm. 

Calculation  and  Statistical  Analysis 

The  ratio  of  stem,  leaf,  and  panicle  dry  weights  to  total  subsample 
dry  weight  was  used  to  determine  total  sample  dry  weights  for  these  plant 
components.  Dry  weight  values  were  then  divided  by  the  total  sample  area 
Co  determine  the  weight  of  leaves,  stems,  and  panicles  per  square  meter. 
Leaf  area  was  measured  on  all  subsamples.  A ratio  of  subsample  leaf 
weight:total  sample  leaf  weight  was  calculated  to  detenine  leaf  area  for 
the  total  sample  on  a 1 m^  Oasis.  Crop  growth  rate  was  determined  from  the 
slope  of  the  linear  phase  of  total  weight  plotted  against  time.  Panicle 
growth  rate  was  determined  from  Che  slope  of  the  linear  phase  of  panicle 


weight  plotted  against  tine.  Both  the  crop  growth  and  panicle  growth 
curves  were  sigmoidal  1n  shape  displaying  logarithmic,  linear,  and 


senescent  growth  stages  over  tine.  It  was  the  linear  portions  of  these 
curves  that  corresponded  to  respective  growth  rates.  The  linear  portion  of 
the  crop  growth  curve  corresponded  to  1*  to  56  d after  harvest.  The 
linear  portion  of  the  panicle  growth  curve  corresponded  to  42  to  77  d 
after  harvest,  Grain  filling  period  was  determined  as  the  effective  grain 
filling  period  (EGFP),  EGFP  was  obtained  by  dividing  the  final  grain 
(kernel)  weight  by  the  grain  (panicle)  growth  rate.  In  1988  and  1989, 
data  were  analyzed  for  both  differences  between  cultivars  and  N 
treatments.  Analysis  of  variance  and  regression  analysis  using  a general 
linear  model  and  correlations  were  calculated  when  appropriate  using  PC 


S.A.S.  (SAS  Software,  1988). 


RESULTS  AND  DISCUSSION 


Climatoloalcal  DaU 

CIlBratalogIcal  data  on  teiaporature  (measured  In  Bartow.  FI .)  for  the 
1988  and  1989  growing  seasons  were  extracted  from  publications  of  the 
National  Gceanic  and  AtiDOspheric  Administration  (NOAA).  Solar  radiation 
data  were  from  the  Agricultural  Research  and  Educational  Center  at  ONA, 
F1.  located  approximately  42  Ut  southwest  of  the  Agrico  site. 

Naximum,  niniinum,  and  mean  temperatures  for  the  1988  and  1989 
growing  seasons  are  shown  in  Figure  1.  The  average  minimum  temperatures 
for  the  first  three  weeks  of  the  1988  and  1989  seasons  were  14.7  C’  and  18 
C*.  respectively.  Seedlings  in  the  1988  main  crop  were  slow  to  emerge 
probably  due  to  both  low  temperatures  and  excessive  planting  depth  and  top 
soil  crusting.  Yoshida  (1978)  stated  temperatures  of  18-40  C as  the 
optimum  for  rice  germination  and  28-30  C*  as  the  optimum  for  rice  emergence 
and  establishment.  For  the  first  12  weeks  of  Che  1988  season  and  the  first 
8 weeks  of  the  1989  season  the  average  temperature  means  were  24.4  C’  for 
both  years.  In  1989,  from  week  9 to  week  29  (a  21  week  period),  the 
average  mean  temperature  was  28  C'.  In  1968  from  week  13  to  27  (a  15  week 
period)  the  average  mean  was  28.1  C*.  Warmer  t»nperatures  (28  C*]  started 
earlier  and  lasted  longer  in  1989  than  In  1988.  The  thirtieth  and  last 
week  of  the  1989  ratoon  crop  season  cooled  Co  a weekly  mean  of  19  C’.  The 
last  4 weeks  of  the  1988  ratoon  crop  season  cooled  to  a weekly  mean  of 
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combined  growing  seasons 


weeks  (216  d)  in  1968  and  30.0  weeks  (210  i)  in  1989. 

Solar  radiation  data  are  shown  in  Fig.  2.  Early  season  solar 
radiation  values  were  low  (tO-90  NJ  but  after  3 weeks  climbed  to  140- 
IBD  HJ  m'^  and  remained  at  that  level  until  harvest  in  1988.  In  1989,  solar 
radiation  values  were  140-200  HJ  ■'*  for  most  of  the  growing  season  until 
week  29.  In  early  to  mid  November,  solar  radiation  values  declined  to 
below  140  HJ  m'^.  In  rice-growing  areas  of  south  Louisiana  (Lat.  30  N), 
monthly  solar  radiation  means  for  April  through  October  are  higher  than 
measured  values  in  the  1988  and  1989  growing  season  in  Bartow,  F1.  (Lat. 
28  N).  In  southern  Louisiana  mean  solar  radiation  values  ranged  From  200 
KJ  m'^  in  April  to  a high  of  2SD  HJ  n ^ in  June  decreasing  to  170  HJ  m'^  In 
October  (U.S.  Dept  of  Commerce,  1968). 

Effects  of  Hltrooen  Rates  oh  Hain  Crop  RlK 
Hain  Crop  Yield 

There  is  a basic  relationship  between  plant  nutrient  content  and 
growth  or  yield  of  a plant.  Smith  (1962)  stated  that  at  low  nutrient 
level  yield  was  low.  Orowth  increased  while  the  nutrient  content 
decreased  slightly  due  to  dilution  caused  by  the  higher  production  of 
plant  material.  In  the  ne«t  stage,  growth  rate  is  improved  without  any 
significant  change  in  nutrient  content.  Then  as  nutrient  content  Is 
increased  the  growth  rate  and  nutrient  content  increased  to  a so  called 
'critical'  level.  Further  increases  in  nutrient  availability  do  not 
significantly  increase  growth  rate  and  eventually  nutrient  levels  reach 
toxic  limits  in  the  plant. 


45 

40- 

35- 

30- 

25- 

20- 

15- 

10- 

45- 

40- 

35- 

30- 

25- 

20- 

10- 


Fig.  1. 


ninlimm  temperatures’for 
Bartow.  FI.  in  19S8  and  1989 
growing  season. 


Weekly  so1er  radiat 
froe  AREC  One,  FI. 
and  19B9  groxtng  se 


198S 


55 

Y-Uaf  (the  wst  recent,  fully-expanSed  leaf  at  PI)  «as  analyzed  for 
total  N content  in  the  1988  and  1989  growing  seasons.  In  Table  1,  the 
AHOVA  for  the  1988  Y-leaf  displayed  a N effect  at  the  P-0.05  level. 
Brandon  et  al.  (1981),  in  Louisiana,  developed  estimates  of  'critical'  and 
' adequate'Optinum*  Y'leaf  N concentrations  for  'Lebonnet'  and 
'Belle»ont'(a  semidwarf  similar  to  Gulfmont).  They  found  critical  Y-leaf 
N levels  to  be  25  and  33  ng  N g ' leaf  dry  weight  (mg  N)  for  Lebonnet  and 
Selleoont,  respectively.  'Adeduate-optinum'  Y-leaf  N level  ranges  were  V 
to  29  and  35  to  38  mg  N for  Lebonnet  and  8ellenont,  respectively. 
'Critical'  level  is  defined  as  the  point  at  which  percent  Y-leaf  N is 
associated  with  a 10*  grain  yield  reduction  below  maximuB  yield. 
'Adequate-optlnum'  Y-leaf  N levels  are  generally  needed  to  achieve  maxiaiun 

In  Table  2,  the  N content  of  the  1988  Y-leaf  Increased  linearly  as 
8 rates  increased,  for  both  cultivars.  At  the  higher  h rates  of  150-200  kg 
N ha''  Sulfnont,  a high  h response  seitidwarf  cultivar.  approached  critical 
and  optlmuii  Y-leaf  N levels.  Lebonnet,  a low  N response  cultivar  which 
perfones  adequately  at  lower  N rates  than  senldwarfs,  reached  its  critical 
and  optimum  Y-leaf  N levels  at  lower  N rates  of  50-100  kg  N ha  ' in  1986. 
Main  crop  yields  (HCY)  were  analyzed  separately  over  years  due  to 
significant  year  interactions.  Table  3. 

HCY  had  a significant  N effect  in  1988,  Table  A.  In  Table  5 the  HCY 
data  are  represented  by  a linear  regression  equation  over  both  cultivars. 
It  is  important  to  note  that  Y-leaf  N content  also  increased  with 
increasing  N rates  In  1988.  Brandon  et  al,  (1981)  obtained  similar  Y-leaf 
h values,  to  the  values  in  this  study,  for  Lebonnet  and  Bellenont,  Brandon 


Table  5.  Main  crop  yield  (HCT)  of  Sulfiwnt  (G)  and  Lebonnet  (L)  In 
response  to  N rates  on  ptiosphatic  clays  at  Agrtco  site,  Polk  County,  for 
the  19S3  and  1989  grovlng  seasons. 


Tear  CultWar i RMr6»lan  [fl, cL 

1988  G and  L 3380  NCT  • 1094  + 15s  .48 

SE  487  3 

1989  G 3890  HCT  • 1271  * 17.4s  .83 

SE  275  1.7 

L 4450  KT  - 1595  t 19s  .92 

SE  195  1.2 


The  ISO  values  at  0.05  probability  level  for  conparing  cultivar  means  at 
Che  sane  N rate  are:  HCY  (1988)  • 874  kg  ha',  KY  (1989)  - 264  kg  ha'. 


noted  thet  Lebonnet's  nexinui  yield  nes  6340  kg  ha*^  Mhen  90  kg  N ha'^  was 
appHed.  Belleront  produced  a naxlnun  yield  of  6630  kg  ha''  when  ISO  kg 
N ha''  was  applied,  Yields  in  Srandon's  study  were  1200  kg  ha'  higher  than 
yields  obtained  in  this  study.  Yield  reductions  were  probably  due  to  poor 
crop  stands,  resulting  1n  low  plant  populations  mostly  caused  by  cool 
temperatures  and  poor  water  nanagenent  during  germination  and  emergence. 

It  is  possible  that  due  to  low  plant  population  in  1988  individual 
plants  absorbed  sore  applied  N resulting  in  higher  Y-leaf  N values  than  if 
a proper  plant  population  had  existed  (0  250  plants  m'^).  The  result  would 
be  Y'leaf  N ranges  in  the  adequate  to  optimum  range  and  depressed  yields 
as  was  the  case  in  the  1988  growing  season. 

The  1989  Y-1eaf  N values  are  shown  in  Table  2 were  10  to  12  nq  N 
lower  than  in  1988.  Main  crop  Y-leaf  had  a response  to  N at  the  P>0.05 
level.  Table  1.  Y-leaf  h values  shown  in  1989  had  a classic  quadratic 
response  as  described  by  Smith  (1962)  earlier  in  this  paper.  A possible 
explanation  for  the  reduced  Y-1eaf  N in  1989  could  relate  to  the  7 d 
delayed  permanent  flood  after  N treatments  were  applied.  This  delay  could 
have  resulted  in  N loss  via  denitrification  and  therefore  low  Y-leaf  N 
values.  Lebonnet,  however  did  achieve  its  critical  Y-leaf  N level  of  25  mg 
N at  the  208  kg  N ha  ' rate. 

The  1989  liCY  data  showed  a cultivar  and  h effect  at  the  P>0.05 
level.  Table  4.  Both  Gulfmont  and  Lebonnet  grain  yields  responded  in  a 
linear  fashion  to  N rates  and  produced  higher  yields  in  1989  than  in  1988, 
Table  5.  in  1989,  Lebonnet  produced  more  grain  than  Sulfnont  at  every  N 
rate  except  zero  and  the  crop  stand  was  nearly  10«  complete  in  1989. 
Better  stands  In  1989  were  due  to  less  frequent  flushing  of  the  paddy 
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prior  to  peniunent  flood  resulting  in  less  soli  crusting  problens  end  a 
better  aerated  seedbed.  In  spite  of  possibie  N loss  from  denitrification, 
LeboTinet  achieved  its  critical  Y-leaf  N level  at  the  200  kg  ha"'  rate  and 
yielded  6460  kg  ba'V  Sulfnont  yielded  56S0  kg  ha'’  at  the  200  kg  N ha'' 
rate,  800  kg  ha''  less  than  Lebonnet,  and  never  achieved  higher  than  26  mg 
N.  Thus,  the  relatively  Inv  N response  plant  type  like  Lebonnet,  yielded 
better  in  what  actually  was  a low  soil  N environment,  than  a high  K 
response  cultivar  (Gulfmont)  that  needed  relatively  high  available  N to 
achieve  mayinu*  yields.  The  proper  plant  density  in  1989  accounted  for 
higher  main  crop  grain  yields  than  in  I9SB. 

Hain  Crop  Growth  Paraiieters 

The  F test  significance  from  the  ANOKA  for  HCY  components  for  1986 
and  1989  is  shown  in  Table  6 and  6,  respectively.  In  Tables  7 and  9 are 
shown  yield  ccn^ionent  means  for  1988  and  1989,  respectively,  in  1968, 
panicles  m'*  (PM)  showed  a response  to  N at  the  P-0-05  level.  In  1989  PM 
showed  a significant  cultivar  and  N effect  at  the  P-0.05  level . The  linear 
regression  equations  for  PM  are  shown  in  Tables  7 and  9 for  1988  and  1989, 
respectively.  In  a direct-seeded  system,  PM  is  equal  to  the  number  of 
effective  or  panicle-bearing  tillers-  Maximum  tiller  numbers  (and  PM  to 
a lesser  extent)  are  primarily  dependent  on  seeding  rate.  Analysis  of 
variance  was  performed  on  combined  tiller  data  over  both  seasons.  Table  3. 
Both  cultivar  and  N effects  were  significant  for  tiller  number  at  the 
P-0. 05  level.  Table  10.  It  is  well  established  that  N application 
Increases  tillering  in  rice  (Fagade  and  OeDatta,  1971).  The  growth  of  the 
tiller  is  supported  hy  the  main  culm  until  the  three  leaf  stags,  after 
which  tiller  leaf  tissue  begins  photosynthesis  (Sato,  1961).  Therefore. 


Table  E.  F test  significance  from  ANOVA  for  yield  cavpiinents  of 
Gulfnont  and  Lebonnet  nain  crop  in  response  to  K rates  on  phosphatic 
cla/5  at  Agrico  site,  PoU  County,  19SS  growing  season. 


Sources  DF  Panicles  m'’ 


1000  Filled 

Grain  wt.  spikelet 


Cultivar  (C) 
Nitrogen  (N)  ' 


< 0.01. 


t • significant  at  or 
NS  ■ Not  significant. 
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Table  8.  F test  slgnificarce  fron  AMOVA  for  yield  conponents  of 
Sulfnont  and  Lebonnet  Mln  crops  In  response  to  N rates  on  phosphatlc 
clays  at  Agrico  site,  Polk  County,  1989  growing  season- 


Sources  OF  Panicles  nr*  firains  pan.  ’ 1000  Filled 

no.  no.  Grain  wt.  spikelets 


Cultirar  (C) 
Nitrogen  (N) 


Rep 

CV 


NS 


NS 

19 


NS 


NS 


NS 


* - significant  at  or  < 0,05. 
t ■ significant  at  or  < 0.01. 
NS  - Not  significant. 
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Table  9.  Yield  component  of  main  crop  for  Giilfmont  (6)  and  Lebonnet  (L)  in 
response  to  N rates  on  phosphatic  days  at  Agrico  site,  Po1k  County,  19S9 
growing  season. 


Cofeconents  Cultivar 

Panicles  m'^  S 


Cultivar 


Rearession  Eg. 
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28.1  G and  L 26  t O.Q2y  - 0.00006x^  .14 

SE  0.7  0.01  0.00003 


The  LSD  values  at  0. OS  probability  level  for  comparing  means  at  the  same  N 
rate  are:  panicles  • 27,  grains  pan.''  - 7,  1000  grain  wt.  • 0.6  gm,  and  t 
filled  spikeiet  • 5X. 


Tjble  10.  f test  significance  from  AHOVA  for  nain  crop  tiller  nunber, 
leaf  area  Index  (LAI),  and  harvest  Index  (HI)  of  OuHiaont  and  Lebonnet 
in  response  to  N rates  on  phosphatic  dap's  at  Agrico  cite,  Polk  County 
over  19SS  and  1989  growing  seasons, 


Sources 
Cultivar  (C) 
Nitrogen  (N) 
C • N 
Rep 
CV 


OF  Tiller  Ho.  U1  HI 


4 NS  NS  NS 

4 NS  NS  NS 

20  41  a 


* • significance  at  or  < 0.06. 
1 - significance  at  or  < 0.01. 
NS  • Not  significant. 
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tillering  is  closely  associated  with  the  nutritional  condition  of  the  vain 
culls,  since  a tiller  receives  carbohydrates  and  nutrients  from  the  siain 
cul»  during  its  early  growth.  The  linear  regression  equations  for  oain 
crop  tiller  are  given  for  each  cultivar.  Table  11.  Low  N response 
cultivars,  like  Lehonnet  tiller  vigorously  at  iioderate  N rates  and  produce 
adequate  LAI  (Tanaka,  1964).  It  Is  the  author’s  speculation  that  in  spite 
of  the  application  of  high  N rates  the  actual  available  soil  N was 
relatively  low.  Possible  explanations  for  low  available  soil  h could 
include  denitrification  (especially  in  1989),  volatilization  of  ameionla 
resulting  fron  neutral  soil  pH  conkiined  with  high  pH  floodwater  (caused  by 
dense  populations  of  carbon  dloxide'absorblng  algae),  or  direct  algal 
assliailation  of  Inorganic  N in  equilibrium  with  the  paddy  water.  Algae 
were  present  within  and  between  crop  rows  in  dense  aiats  due  to  incougilete 
canopy  cover.  In  such  a low  H soil  environment  a low  H response  cultivar 
would  achieve  its  growth  potential  more  fully  than  a high  N response 
cultivar  (Louisiana  Cooperative  Extension  service,  1987). 

Lebonnet's  higher  tiller  number  and  LAI  (which  will  be  discussed 
later)  may  have  been  due  to  a differential  In  germination  and  emergence 
between  Culfmont  and  Lebonnet.  Jones  (1989)  noted  in  a variety  trial  on 
phosphatlc  clay  soils,  that  semidwarfs  seem  to  have  less  germination  and 
emergence  than  taller  cultivars. 

Grains  panicle’'  (GP),  1000-grain  weight  (GH),  and  percent  filled 
spikelets  (*fS)  displayed  no  significant  effects  in  1988  as  shown  in  Table 
6.  GP  and  *FS  exhibited  cultivar  effects  at  the  P-0.05  level,  in  1989 
(Table  8).  Stress  from  low  N at  the  critical  period  of  spikelet 
development  can  reduce  GP  (Matsushima,  1980).  Likewise,  top  dressing  H at 
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Ttble  11.  Main  crop  tiller  number  of  Gulfmnt  (6)  and 
response  to  N rates  on  phosphatic  days  at  Agrico  site 
over  1988  and  1989  groxing  seasons. 


net  (L)  in 


CultlYir t Rearasslon  Eg. cL 


243 

293 


jao  + O.Olx  .48 

SE  • 13  0.Q02 

209  * O.Olx  .48 

SE  • 16  0.002 


0.05  probability 


convaring 


reported  to  incroise  DP  and 


parly  PI,  or  a high  rata  of  basal  N is 
decrease  »FS  (OeOatta,  1981).  In  this  study  K had  no  significant  effect  on 
DP  or  XFS  In  either  1988  or  1989.  GH,  In  1989,  shOKed  a significant 
quadratic  response  to  N rates  for  both  cultivars.  Table  9-  Grain  weight 
showed  no  significant  cuU1*ar  effect  in  either  1968  or  1989  and  N had  no 
effect  in  1988.  This  nan-significant  N effect  In  1988  for  DM  is  in  accord 
with  Soga  and  Nozaki  (1957)  who  stated  that  DU  Is  a very  stable  varietal 
yield  coiponent  In  iiost  situations. 

In  1988,  heading  date  was  103  days  after  planting  and  93  d in  1989. 
This  10  d difference  in  heading  date  was  likely  due  to  the  earlier  onset 
and  longer  duration  of  warmer  temperatures  in  1989,  Figure  1. 

Average  yields  of  Gulfeiont  and  Lebonnet  were  not  significantly 
different  In  1988  as  shown  in  Table  4.  Lebonnet,  in  1989,  yielded  more 
than  Gulfeiont  by  568  kg  ha  ' rough  rice.  Lebonnet  had  significantly  more 
PH  than  Gulfmont  due  to  its  higher  tiller  number.  A consequence  of  more  PH 
is  fewer  GP  irtiich  the  data  supported  in  Tables  7 and  9. 

Leaf  Area  Index 

Kain  crop  LAI  was  measured  at  heading  and  analyzed  combining  both 
seasons.  Table  3.  Leaf  area  index  had  cultivar  and  N effects  at  the  P-0.08 
level , Table  10.  Leaf  area  index  has  been  noted  by  researchers  to  increase 
with  increased  N rates  (Fischer  and  Hilson  1978,  Williams  et  a1.  1968). 
Linear  regression  equations  indicated  Lebonnet  to  have  higher  LAI  over  N 
rates  than  Gulfmont  as  shown  in  Table  17.  Toshida  (1981)  stated  LAI  is 
usually  related  to  grain  yield  and  that  in  erect-leaved  cultivars  such  as 
Gulfmont,  95*  light  interception  (critical  LAI)  is  achieved  when  LAI 
reaches  7.5.  Lebonnet,  a droopy-leaved  cultivar  reaches  critical  LAI  at 
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Table  12.  Ha1n  crop  leaf  area  index  (LAI)  and  harvest  index  (HI)  of  Sulfuont 
(G)  and  Lebonnet  (L)  in  response  to  N rates  on  phosphatic  clays  at  Agrico 
site,  Polk  County,  over  1988  and  1989  groving  seasons. 


Cultivar 


X Regression  Eo. 

1.9  Ln  LAI  • 0.059  -r  0.002X 

SE  0.17  3 X 10* 


0.06  t O.OOlx 
0.10  2 X 10* 


HIS 


60  61  - 0003X 

SE  1.0  0.0002 

54  56  - 0.0005X 

SE  1.0  0.0002 


.55 

.67 

.03 

.22 


The  LSO  values  at  0.05  probability  level  for  cosiparing  Beans  at  the  sane  N 
rate  are;  Main  Crop  LAI  - 0.4,  main  crap  Ml  ■ 2». 
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ippro«lTately  3.7.  The  1988  and  1989  seasons  were  combined.  Table  3.  At 
the  200  and  250  kj  N ha'  rates  Lebonnet  had  a greater  LAI  than  3.7,  while 
Gulfmont's  LAI  never  exceeded  3.5.  This  further  explains  Lebonnet's  higher 
HCY. 

Senidwarf  cultivars  typically  produce  higher  LAI  than  taller 
cuUlvars  at  higher  H rates.  Yet  in  this  study  Gulfmont  produced  lower  LAI 
than  Lebonnet  at  higher  N rates.  In  1988,  plant  density  was  low  due  to 
poor  seed  genniration  and  emergence  and  bird  predation.  It  is  possible 
that  Gulfmont  gemination  and  energence  were  lower  than  Lebonnet  in  1988 
as  observed  in  a rice  study  or  phosphatic  clays  by  Jones  (1989).  Lebonnet 
had  significantly  more  tillers  over  both  seasons  and  consequently  higher 
LAI  than  Gulfmont. 


Harvest  Index 

Harvest  Index  (HI),  defined  here  as  panicle  weight  n*  divided  by 
total  crop  weight  m*  as  measured  at  main  crop  harvest  (DeDatta,  1981),  is 
analyzed  in  Tables  10  and  12.  To  obtain  high  grain  yields,  balanced  growth 
at  different  growth  stages  must  be  attained.  Balanced  growth  is  reflected 
in  the  high  ratio  of  panicle  weight  to  total  weight.  Tall  plants  and 
excessive  vegetative  dry  matter  production  reduce  HI  because  carbohydrates 
are  partitioned  more  Into  vegetative  growth  and  less  into  seed  production. 
The  ANOVA  for  HI  in  Table  10  displayed  cultivar  and  H effects  at  the  P- 
0.05  level.  The  main  crop  HI  means  and  the  linear  regression  equations 
are  shown  in  Table  12.  These  equations  show  an  inverse  relationship 
between  HI  and  N rate.  As  N rates  increased  panicle  weight;total  crop 
weight  decreased.  Tall  cultivars  are  reported  to  show  negative 


correl ations 
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to  HI  (Voshlda,  1981).  Due  to  Increased  plant  height,  and 
thus  *ore  vegetative  groxth,  tall  cuUivars  usually  have  lower  HI  than 
senidwarf  cuUivars  as  the  regression  equations  show  in  Table  U. 

Harvest  indei  nay  have  Inportant  liepi Icatlons  for  the  ratoon  crop. 
If  more  carbohydrates  are  transported  into  grain  production,  less  is 
liheiy  to  remain  In  the  main  crop  stubble  for  ratoon  tiller  regeneration. 
In  one  study  Cock  and  Voshida  (1972)  exposed  rice  to  radioactively-labeled 
carbon  dioxide  10  d before  flowering  and  traced  the  path  of  the  labeled 
gas.  In  the  study,  68%  of  the  accumulated  carbohydrates  were  translocated 
to  the  grain,  20%  was  respired,  and  12«  remained  in  the  main  crop  stubble. 
Under  adverse  conditions,  more  stored  carbohydrates  may  be  used  for  grain 
filling  with  fewer  carbohydrates  left  In  the  main  crop  culm  for  subsequent 
ratoon  growth. 

Total  Honstructural  Carbohydrates 

Total  nonstructural  carbohydrate  (TNC)  of  main  crop  stubble  has  been 
found  to  be  positively  and  significantly  correlated  to  several  ratoon 
parameters  (Ichii  and  Sumi,  1983).  These  include  ratoon  height,  ratoon 
weight,  and  percentage  of  ratoon  tillers  relative  to  main  crop  tillers. 
They  conclude  that  low  main  crop  stubble  carbohydrate  levels  nay  limit 
ratoon  growth.  In  Table  13,  TNC  showed  a N effect  at  the  P-0. OS  level  when 
both  seasons  were  combined.  Table  3.  The  negative  linear  regression 
equation  and  mean  TNC  values  are  shown  in  Table  14.  This  1$  consistent 
with  tne  research  of  Voshida  and  Ahn  (1968).  They  found  that  as  N 
application  increased,  culm  starch  content  was  lowered.  They  hypothesized 
that  N consumes  some  carbohydrates 


for  synthesis  of 
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Uble  13.  F test  significance  from  ANDVA  for  total  nonstructurel 
carbohydrate  (1HC)  of  fiulfmont  and  Lehonnet  in  response  to  N rates  on 
phosphattc  clays  at  Agrlco  site.  Polk  County  over  1988  and  1989  groning 
seasons. 


Sources  OF 
Cultivar  (C)  1 
Nitrogen  (N)  4 

Rep  7 
CV 


TNC 

NS 


NS 


* - Significant  at  or  < O.DS. 
NS  • Not  significant. 
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proteins  and  the  fonnation  of  new  organs  (leaf  blades  and  sheaths) 
requires  much  carbohydrate  for  cellulose,  henice11u1ase,  and  lignin. 

There  was  a positive  correlation  in  19SB,  between  TNC  measured  in 
main  crop  stubble  and  early  ratoon  tiller  number  o'^  measured  at  14  and  29 
DAH,  Table  15.  Ichil  and  Suni  (1983)  reported  a positive  correlation 
between  percentage  of  ratoen  tillers  (X  ratoon  tiller  - number  of  ratoon 
tillers/number  of  main  crop  tiller  * 100)  and  starch  content  of  the  main 
culm.  The  analysis  of  TNC  in  19B8  displayed  no  significant  main  effects  or 
Interaction.  The  1989  TNC  analysis  showed  a cultivar  effect  with  Lebonnet 
producing  more  main  crop  culm  starch  than  Gulfmont.  There  were  also 
numerically  greater  levels  of  TNC,  In  1989  there  was  no  significant 
correlation  found  between  early  ratoon  tiller  number  and  TNC.  There  is  no 
clear  explanation  why  a positive  correlation  was  not  found  in  1989. 

THE  CfFCCTS  OF  MIH  CMP  H11R0CEH  RATES  DM  RATOOH  CMP 

Due  to  significant  year  Interactions  with  cultivar  and  N,  ratoon 
crop  yields  were  analyzed  separately  by  year.  Table  3.  The  F test 
significance  from  the  ANDVA  for  ratoon  crop  yield  is  shown  in  Table  4.  In 
1988  there  were  no  significant  effects  or  interactions  and  the  coefficient 
of  variation  (CV)  was  38  % for  ratoon  crop  grain  yield  following  the  same 
trend  established  in  the  main  crop  grain  yield  CV  of  34X.  High  CV's  in 
1988  were  due  to  the  highly  variable  plant  population  in  main  crop  and 
consequently  the  ratoon  crop  also.  Gomez  and  Gomez  (1984)  stated  that  in 
transplanted  rice  systems  an  acceptable  range  of  CV  for  fertilizer  trials 
is  10-12X.  This  range  of  CV  could  be  considered  acceptable  for  direct- 
seeded  systems  as  well.  Due  to  high  CV  in  the  1988  study,  data  were  of 


Table  15.  Correlation  coefficients  of  ratoon  tiller  nnnber  at  14  and  2 
days  after  harvesting  (OAH)  vs  total  nonstnictoral  carbohydrates  (THC) 
for  Gulfmont  (G)  and  Lebonnet  (L)  in  the  1988  and  1989  growing  seasons. 


Variable PAH  Cvltivar 

Ratoon  tiiler  14  G 


14 

28 


THC 

0.48* 

0.64^ 

0.77f 

fl.62f 

0.24HS 

0.22HS 

0.06HS 


1989 


* • significant  at  or  < 0.05. 
' . significant  at  or  < 0.01. 
NS  - not  significant. 
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doubtful  reliability,  In  1989,  the  CV  for  ratoon  crop  grain  yield,  (Table 
4)  was  11%,  within  the  acceptable  range.  In  19SB,  plant  population  was 
highly  variable  resulting  in  high  Clf. 

Nitrogen  applied  to  a main  crop  and  the  subsequent  effects  on  ratoon 
grain  yield  or  N applied  directly  to  the  ratoon  crop  after  main  crop 
harvest  have  been  investigated  by  several  researchers  (Bo11lch  and  Turner. 
1988;  Turner  and  I4c11rath,  1988;  Brandon  et  a1.,  1985).  These  researchers 
suggest  that  addition  of  N to  ratoon  crop  up  to  IIB  kg  ha'',  when  followed 
inmediately  with  a flood,  increased  ratoon  yields.  Also,  properly  timed 
main  crop  N applications  (at  or  around  heading)  increased  ratoon  yields. 
The  yield  data  for  ratoon  crops  in  the  1988  and  1989  seasons  are  shown 
Table  18,  In  1986.  no  significant  differences  existed  between  Gulfenint  and 
Lebonnet  grain  yields.  In  1989,  however,  a significant  N*C  interaction 
was  reoorted.  Table  4,  In  Table  16,  the  significant  quadratic  regression 
equation  for  Lebonnet  is  shown,  Lebonnet  reached  itaxinun  yield  at  the  SO 
kg  N ha''  main  crop  N rate  and  produced  393D  kg  ha  ',  Gulfmont  showed  no 
significant  trends  in  response  to  main  crop  N rates,  it  is  unclear  as  to 
why  a yield  response  to  main  crop  N rates  appeared  in  the  ratoon  crop.  The 
high  probability  of  denitrification  when  the  main  crop  was  drained  for 
harvest  would  leave  the  ratoon  crop  N deficient.  However,  due  to  the 
excessive  clay  content  of  this  soil  it  is  possible  that  only  three  or  four 
cm  below  the  soil  surface  conditions  were  wet  enough  (anaerobic)  to 
prevent  denitrification.  No  significant  difference  was  observed  between 
cuUivars  averaged  over  N rates. 

The  ratoon  crop  grain  yield  as  a percentage  of  main  crop  yield 
showed  downward  trends  as  N rates 


increased  for  Lebonnet  in  1986  and 
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Gulfmnt  and  Lebonnet  <n  1989.  In  1989,  ratoon  crop  grain  yield  percent  of 
main  crop  grain  yield  was  ftlgber  than  1988  due  to  corpleCe  crop  stand  1n 
1989. 

Hatoon  Crop  Erowth  Piraneters 

The  Tain  focus  of  this  study  was  to  Investigate  Che  effects  of  nain 
crop  nitrogen  rates  Oh  ratoon  crop  growth  paraTeters.  Ratoon  yield 
coTponent  AHOVA's  for  1988  and  1989  are  shown  in  Table  17.  Grain  panicle'', 
GW.  and  %FS  were  found  to  have  no  significant  N or  C effects  or 
interactions,  In  1988.  Panicles  b'*  showed  only  a cultlvar  effect  at  the 
P-0.05  level.  Lebonnet  produced  190  PN  and  Gulfmont  produced  153  W1 
averaged  over  N rates.  Lebonnet  produced  more  PH  In  the  1988  ratoon  crop 
due  to  higher  siain  crop  tillers  In  1988,  relative  to  Gulfeiont.  Grains 
panicle'',  GW  and  XFS  exhibited  83,  25  g,  and  7«X,  respectively  averaged 
over  cultivars  in  1988.  In  Table  18  the  ANOVA  for  ratoon  tiller  nuabers 
is  shown.  Ratoon  tiller  nuTbers  were  analyzed  separately  by  year  and  were 
measured  at  ratoon  harvest.  Cultivars  responded  differently  at  the  P-0.05 
level,  Lebonnet  generated  254  and  427  tiller  n'^  corpared  to  191  and  322 
for  Gulfnont  in  1988  and  1989,  respectively.  As  mentioned  earlier,  high 
varlahillty  in  plant  population  in  1988  decreased  the  sensitivity  of 
statistical  tests  In  main  crop  yield  components  and  this  trend  continued 
in  the  1988  ratoon  crop  response. 

In  1989  the  ANOVA  for  ratoon  yield  components.  Table  17  showed 
cultlvar  effects  at  the  P-0.05  level  for  ffl,  GP,  and  GW.  No  N or  C*N 
interactions  were  observed  as  in  1988  ratoon  crop.  Studies  performed  in 
Texas  by  Turner  and  Hcllrath  (1988)  nay  lend  support  for  the  ratoon 
results  in  this  study.  In  their  study,  nain  crop  N rates  applied  before 
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Table  17.  F test  significance  fron  AMOVA  for  yield  components  of 
Gulfsiont  and  Lebonnet  ratoon  crops  In  response  to  main  crop  N rate  on 
phospbatic  clays  at  Agrico  site.  Po1k  County,  1388  and  1989  growing 


lifis 

Sources  DF  Panicles  ii* 


Cultivar  {C)  1 • 

Nitrogen  (N)  4 NS 

C * N 4 NS 

Rep  2 NS 

CV  23 

1989 

Sources  OF  Panicles 


Cultivar  (C)  1 t 
Nitrogen  (N)  4 NS 
C • N 4 NS 
Rep.  4 NS 
CV  IS 


Grains  pan.'  1000  Filled 

no.  Grain  wt.  spikelets 

» 

NS  NS  NS 


18  5 17 


Grains  pan.'  1000  Filled 
Grain  wt.  spikelet 

g S_ 

t t NS 

NS  NS  NS 

NS  NS  NS 

NS  t NS 

13  2 8 


* ■ significance  at  or  < 0.05. 
t • significant  at  or  < 0.01. 
NS  • Not  significant. 


Table  18.  F test  significance  from  ANOVA  for  ratoon  tiller  nonber  at 
harvest  of  Gulfnont  and  Lebonnet  In  response  to  N rates  on  phosphatic 
clays  at  Agrico  site,  Polk  County  for  1938  and  1989  growing  seasons. 


Cultivar  (C)  1 * * 

Nitrogen  (N)  4 NS  NS 


2(4)’  NS 
29 


* • Significant  at  or  < 0.09. 
NS  • Not  significant. 

’ • df  for  rep  in  1989. 
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nain  crop  heading  had  no  effect  on  ratoon  j^lelds  which  would  likely  be 
reflected  in  ratoon  yield  conponents. 

Yield  conponenc  means  for  1989  are  shown  in  Table  19.  The 
significance  difference  between  cultivar  PH  is  logical  due  to  Lebonnet's 
higher  main  crop  tiller  number  in  1989.  In  1989  Lebonnet  had 
significantly  more  ratoon  tillers  than  Gulfmont  averaged  over  h rates, 
which  follows  the  main  crop  trend.  Gulfmont  had  significantly  more  GP  (83 
vs  69)  than  Lebonnet  and  higher  GW  (22.6  vs  21.9  g).  Comparative  yield 
component  advantages  and  disadvantages  balanced  out  so  cultivars  showed  no 
significant  yield  differences. 

The  graphs  of  tiller  number  over  days  after  harvest  are  shown  in 
Fig.  3 and  4.  In  Fig.  3,  (1988),  the  general  trend  over  time  showed 
Cillers  to  increase  and  reach  makimurn  numbers  at  86  days  after  harvest 
(DAH)  for  both  cultivars.  The  quadratic  regression  equations  of  tiller 
nunkier  VS.  DAK  are  shown  in  each  graph.  There  was  no  discernible, 
consistent  trend  between  N rates  over  time,  in  Fig.  4,  1969,  maximum 
tillering  was  reached  earlier  between  42  and  98  DAH  for  both  cultivars. 
This  is  probably  due  to  the  3 week  earlier  ratoon  basal  N application  in 
1989.  Haximuffl  Ciller  number  was  reached  at  the  200  and  160  kg  N ha'’  rates 
in  Gulfmont  and  Lebonnet,  respectively.  However,  Gulfmont  only  produced 
approximately  450  tillers  m'^  at  200  kg  N ha''  while  Lebonnet  produced 
approximately  550  tiller  m'^  at  ISO  kg  N ha*'. 

Ratoon  Plant  Heioht 

Plant  height  was  analyzed  separately  by  season.  In  1988,  Fig.  S, 
both  cultivars  grew  in  height  at  fairly  constant  rates.  The  quadratic 
regression  equations  of  plant  height  vs  DAH  are  displayed  in  each  graph. 


Table  19  Ratoon  Crop  yield  conponents  of  Gulfmont  (fi)  and  Lebonnet  (L) 
in  response  to  N rates  on  phosphatic  clays  at  Agrico  site,  Polk  County, 


Yield  COBponents 


Panicles  n'  G 230 

L 296 

Grains  pan. ' G 83 

L 69 

1000  Grain  wt.  G 22.6 

9 t 21-9 

Filled  splkelet  G 

75 

The  IDS  values  at  0.05  probability  level  for  comparing  neans  at  the  sao 
N rate  are:  panicles  - 23,  Grain  pan.  ’ ■ 7,  1000  grain  wt.  • 0.3  g, 
and  X filled  splkelet  - 6. OX. 
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Fig.  5.  Mean  ratoon  plant  height  by  N 
rate  for  Eulfiont  and  Lebonnet 
at  Agrico  site,  Polk  County  In 
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Fig.  6. 


Sulfiwnt  reached  laxinuie  height  at  77  DAH  at  71  cai  averaged  ever  N rates. 
Lebonnet  reached  naxlmun  height  at  S3  DAH  at  81  cn  averaged  over  N rates. 
Analysis  of  variance  showed  plant  heights  to  be  different  between 
cultlvars  at  the  P-0. OS  level.  Main  crop  H rates  had  no  significant 
effects  on  plant  height  throughout  ratoon  developnent  In  1938. 

In  1989,  (Fig.  6),  plant  height  increase  was  constant  up  to  S3  DAH 
for  Gulfieont  when  laxinun  height  was  reached  at  67  cn.  Lebonnet  achieved 
naxlniuin  height  at  S3  DAH  at  84  cn.  The  quadratic  regression  equations  of 
plant  height  vs  OAH  are  shown  In  each  graph,  plant  heights  were  different 
between  cultlvars  at  the  P-0. OS.  ho  h effects  were  found  for  plant  height 
over  ratoon  development  In  1989.  No  lodging  was  observed  In  either  main  or 
ratoon  crops  In  either  year. 

Ratoon  Leaf  Area  Index 

Increased  tiller  number  and  size  of  successive  leaves  resulted  in 
Increased  LAI.  Nitrogen  has  been  found  to  Increase  LAI  or  weight  of  leaf 
blades  (Kurata,  1969).  In  this  study,  main  crop  basal  N rates  did  not 
significantly  affect  ratoon  tiller  number,  Table  18.  According  to  Hurata 
(1969)  LAI  reaches  Its  highest  value  at  S-10  d before  heading.  Cultlvars 
responded  differently  at  the  P-0. 05  level  and  no  N or  Interaction  effects 
were  observed.  This  nay  have  been  due  to  the  high  CV  value  (37X) 
expressing  the  high  variability  In  the  data.  Lebonnet  and  Gulfnont 
achieved  LAI's  of  3.7  and  3.1.  respectively.  Lebonnet's  higher  LAI 
resulted  from  Its  higher  tiller  number.  Lebonnet  had  higher  LAI  than 
Gulfnont  at  the  P-0.05  level-  In  Fig.  7 and  8 LAI  Is  plotted  and 
regressed  over  DAH  with  quadratic  regression  equations  displayed  in  each 


F1g.  7.  liean  ratoon  loaf  area  Index  by 
N rate  for  Guifnont  and 
Lebonnet  at  Agrico  site,  Po1k 
County  in  ISSS. 


DAYS  AFTER  HARVEST 

H rate  for  Gu1 front  and 
Lebonnet  at  AgrUo  site,  PoU 
County  1n  1989. 


graph.  LAI  peaked  betweea  42  and  56  DAH  for 


cuHivars  in  1966  and 


Crop  and  Panicle  Gro.th  Rates 

The  grooth  curves  for  sten  dry  weights  by  N rates  1n  1988  and  1989 
are  shown  In  F1g.  9 and  10,  respectively.  Stefa  weight  Increased  up  to 
56-63  DAH,  shortly  after  heading  In  1983  and  1989.  hitrogen  rates  of  150 
and  250  kg  N ha'  rates  produced  highest  stem  weights  In  Lebonnet  and 
Oulfawnt,  respectively.  At  these  rates,  Gulfmont  yielded  around  250  g n * 
sten  weight  and  Lebonnet  yielded  about  340  g n'^  stem  weights.  In  1989,  the 
150  and  200  kg  N ha*'  rates  produced  the  highest  steji  weights  In  Gulfeont 
at  about  300  g n*^.  The  50,  100,  and  ISO  kg  h ha*'  rates  produced  the 
highest  sten  weights  In  Lebonnet  at  approximately  400-425  g fB*‘.  The 
difference  In  stem  nass  from  year  to  year  Is  probably  due  to  denser  crop 
stands  In  1989.  Sten  weight  then  generally  decreased  until  64  DAH  In  both 
seasons.  This  decrease  In  stem  weight  suggests  a redistribution  of 
carbohydrates  from  sten  to  grain.  Stens  can  serve  as  temporary  storage 
organs  and  later  redistribute  their  accumulated  carbohydrates  to  panicles. 
Van  Oat  and  Peterson  (1963)  reported  that  as  much  as  21k  of  the 
carbohydrates  during  grain  filling  cane  from  previously  stored 
carbohydrates.  In  this  study  Lebonnet  generally  produced  more  stem 
weight  m'^  than  GuUmont  due  to  Its  taller  plant  height.  The  percent  loss 
of  sten  weight,  defined  here  as  naxinum  stem  weight  - final  sten  weight 
divided  by  naximun  stem  weight  and  multiplied  by  100,  was  analyaed  In  both 
seasons.  In  1968,  no  significant  effects  were  found,  but  In  1989  a 
significant  cuUlvar  effect  showed  Gulfmont  to  have  a 41k  1pss  of  stem 
weight  compared  to  a 35%  sten 


weight  loss  for  Lebonnet.  Though 
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Fig.  10.  Mean  ratoon  atem  dry  veight  by 
N rate  for  Gulfmont  and 
Lebonnet  at  Agrico  site,  Polk 
County  in  19S9. 
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grain  yields  were  not  significantly  different,  Gulfnont  did  produce 
slightly  higher  grain  yields,  possibly  due  to  greater  distribution  of 
labile  sten  carbohydrates. 

Leaf  dry  weight  In  1988  reached  naslnun  levels  at  S6  DAH  for  280, 
and  150  kg  N ha''  rates  for  Gulfmont  and  Lebonnet,  respectively.  The  SO  and 
100  kg  N ha*'  rates  reached  naxleium  levels  at  42  OAH,  Fig.  11,  Gulfetont 
produced  numerically  greater  leaf  weight  m‘^  at  the  250  kg  N ha'*  rate. 
Lebonnet  produced  numerically  greater  leaf  weight  m*^  at  the  150  kg  N ha*' 
rate  in  1988.  Haxiieum  leaf  weights  were  reached  at  42  OAH  for  all  N rates 
and  both  cultivars  In  1989,  Fig,  12,  Gulfmont  and  Lebonnet  produced 
numerically  greater  leaf  weight  n'^  at  the  200  and  150  kg  N ha  ' rates, 
respectively  in  1989.  After  leaf  weight  in  both  seasons  reached  maximum 
levels,  it  declined  to  almost  zero  In  1989  and  to  between  20-30  g m'^  In 
1988.  According  to  Voshida  (1981)  this  decline  in  leaf  weight  is  due  to 

In  Fig.  13  and  14.  panicle  weights  m'’  are  shown  to  follow  a logistic 
function  representing  panicle  growth  From  heading  to  maturity  during  50  to 
84  DAH.  Erain  growth  was  Initially  slow,  then  entered  a linear  phase,  and 
slowed  or  decreased  at  maturity,  In  1988,  wide  fluctuations  In  panicle 
weight  between  N rates  was  most  likely  due  to  high  stand  variability.  The 
150,  250,  and  200  kg  N ha'  rates  produced  numerically  higher  final  panicle 
weights  for  Gulfmont  and  these  N rates  generally  produced  the  highest  stem 
and  leaf  weights  as  well.  The  250  and  150  kg  N ha''  rates  produced 
numerically  higher  final  panicle  weights  for  Lebonnet  and  these  N rates 
generally  produced  the  higher  stem  and  leaf  weights.  Leaf  weight  reached 
and  stem  weight  reached  maximum  levels 
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13.  Hem  ratoon  panicle  dry  veight 
by  N rate  for  Guifnont  and 
Lebonnet  at  Agrico  site,  PoU 
County  In  I98S. 
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between  56-63  DAH.  These  vegetetive  plant  parts  reached  naxlnun  weights 
shortly  before  or  after  heading  and  approximately  2 weeks  after  the  start 
of  the  panicle  linear  growth  phase. 

In  1989,  Fig.  14,  considerably  less  fluctuation  is  seen  between 
panicle  weight  growth  curves  due  to  less  variable  crop  stand.  Oulfuont 
reached  the  numerically  greatest  panicle  weight  n'^  at  the  300  and  150  kg 
N ha'  rates.  Final  panicle  weights  in  1989  were  higher  over  a11  N rates, 
for  both  cuUivars,  than  in  1988.  This  was  due  to  the  higher  plant 
populations  in  1989. 

hanide  weight  increase  was  constant  despite  typical  loss  of  leaf 
area  (LAI  declined  sharply  between  42-56  DAH  in  both  seasons),  and  stem 
weight.  This  may  indicate  that  these  sources  of  carbohydrates  may  have 
been  important  in  grain  filling. 

Total  dry  weight  graphs  are  shown  in  Fig.  15  and  16  and  include  the 
sun  of  leaf,  stem,  and  panicle  dry  weights  plotted  over  the  ratoon  growth 
cycle.  These  growth  curves  are  referred  to  as  a sigmoid  growth  curve  which 
includes  a logarithmic,  linear,  and  senescence  phase.  The  logarithmic 
phase  occurred  during  the  first  28  DAH  in  which  plant  size  increased 
exponentially  with  time.  The  growth  rate  was  initially  slow,  but  increased 
quickly.  The  linear  phase  was  generally  between  28  to  72  DAH.  This  linear 
portion  of  the  graph  corresponds  to  the  crop  growth  rate.  The  next  phase 
is  characterized  by  a declining  growth  rate,  the  senescence  phase.  Final 
total  dry  weights  were  higher  over  all  N rates  for  Sulfnont  and  Lebonnet 
in  1989  than  in  1988. 

Careful  observation  of  the  stem,  leaf,  panicle,  and  total  weights  m'^ 
plotted  over  DAH  revealed  a trend  over  cultivars  and  growing  seasons. 
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Fig.  15.  Kean  ratoon  total  dry  weight  by 
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Higher  N rates  resulted  in  a growth  lag  of  a11  plant  parts  over  the  ratoon 
crop  ontogeny.  There  is  no  dear  explanation  for  this  trend. 

Panicle  growth  rate  data  showed  no  significant  effects  In  196d.  Crop 
growth  rate  exhibited  both  cultivar  and  k effects  at  the  P-0.05  In  198$, 
Table  20.  The  quadratic  regression  equations  for  Guifnont  and  Lebonnet  In 
1988  are  shown  In  Table  21.  This  Increase  and  decrease  trend  of  CGR  as  N 
rates  increased  is  due  to  the  variable  stands  In  1988.  The  high  CV  (32f) 
for  PGR  suggests  high  variability  In  the  data  and  thus  less  sensitivity, 
via  ANOVA  analysis,  to  detect  any  significance.  The  CGR  and  PGR  for  1988 
are  shown  in  Table  22. 

In  1989  the  CGR  and  PGR  showed  an  C*N  Interaction  at  the  P-0.05, 
Table  20.  Lebonnet  had  a significant  CGR  response  to  N while  Gulfmont 
showed  no  trend  with  N,  Table  21.  Lebonnet's  regression  equation  shows  a 
slight  decrease  in  CGR  as  N rates  increase.  This  is  the  opposite  of  what 
would  he  expected.  Perhaps  the  higher  N rates,  which  lowered  TNC  In  sain 
crop  stubble  for  both  cultivars,  affected  the  CGR  of  Lebonnet  in  a 
negative  direction  at  the  250  kg  1 ha''  rate.  PGR  regression  equations  are 
shown  In  Table  21.  Guifnont  had  a slight  positive  linear  response  as  N 
rates  increased  in  1989.  Lebonnet's  PGR  showed  a quadratic  response  to  N 
rates.  The  CGR  and  PGA  in  1989  are  shown  In  Table  23.  Note  Lebonnet 
reached  Taxiiauai  PGR  at  the  100  kg  N ha'’  rate  with  a PGR  of  13.62  g n'^  d. 
Effective  Grain  Fllllno  Period 

Effective  grain  filling  period  (E6FP)  was  determined  by  dividing 
final  panicle  dry  weight,  measured  at  ratoon  harvest,  by  panicle  growth 
rate  measured  as  the  slope  of  the  linear  portion  of  panicle  growth  plotted 
over  the  ripening  stage.  Effective  grain  filling  period  was  analyzed 


105 


(CGR)  and  panicle 
to  N rates  on  pho 
1989  growing  seas 

significance  fro*  ANOVA’s  for  ratoon  crop  growth  rate 
growth  rate  (FOR]  of  Gulfnont  and  Lebonnet  in  response 
sphatic  clays  at  Agrico  site,  Polk  County,  1988  and 

Sources 

1968  198?_ 

Cultivar  <C) 

1 * NS  * NS 

Nitrogen  (N) 

4 * NS  NS  * 

4 NS  NS  • • 

Rep 

2(4)’  • * NS  NS 

CV 

18  32  17  21 

* p Significance 
t • Significance 
NS  • Not  signiflc 
’ - df  for  rep  in 

at  or  < 0-05- 

"999- 

N rites  Growth  rites  Lebonnet  S.  E. 


Periods  of  linear  growth 
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separately  by  year.  Table  3.  No  significant  effects  or  Interactions  were 
found  for  1988,  Table  24.  The  EGFP  had  a N effect  In  1989  at  the  P-Q.05 
level.  The  quadratic  regression  equation  Is  shown  In  Table  25.  Effective 
grain  filling  period  is  nostly  determined  by  temperature.  High 
tengierature,  greater  than  30  C,  will  shorten  the  EOF?  In  sorghum  and  in 

Tahahashi,  1971).  The  mean  temperature  of  the  ratoon  grain  ripening  period 
was  23  C*  and  24.8  C’  for  1988  and  1989,  respectively,  These  temperatures 
are  well  within  the  optimum  temperature  range  for  ripening  at  20  to  29  C* 
(DeDatta,  1981),  In  Table  28  are  shown  EGFP  means  for  both  cultivars. 
Guifnont  and  Lebonnet  presumably  achieved  high  EGFP  (82  and  47  d, 
respectively)  at  various  N rates,  in  1988.  It  Is  the  author's  contention 
that  these  high  EGFP's  are  likely  due  to  low  panicle  growth  rate 
measurements  resulting  from  poor  crop  stands  In  1986. 

Ratoon  Harvest  Index 

The  1986  ratoon  HI  showed  no  significant  N or  C effects  or 
interactions  while  the  1989  HI  displayed  a C*N  interaction  at  the  P>0.05, 
Table  28.  The  slightly  positive  linear  regression  equation  for  Gulfmont 
is  shown  In  Table  27.  Thus  as  N rates  Increased  Gulfmont's  ratoon  HI 
increased  suggesting  that  Guifnont  may  have  partitioned  Its  available  N 
and  photosynthates  more  effectively  Into  grain  production.  Gulfmont  had 
a significantly  higher  HI  than  Lebonnet. 

Total  yields 

Total  yields  are  shown  in  Table  28  for  1988  and  1989  by  N rate  and 
cultivar.  Analysis  was  done  separately  by  year.  Table  3.  In  1988  yields 
Increased  over  all  N rates  except  Lebonnet  at  290  kg  N ha-l  rate  which  was 


Table  24.  F test  significance  from  AMOVA  for  affective  grain  filling 
period  (EGFP)  for  fiulfmont  and  Lebonnet  in  response  to  N rates  on 
phospbitic  clays  at  Agrico  site,  Polk  County  for  1983  and  1989  growing 


Sources [IE 

Cultivar  (C)  1 

Nitrogen  (N)  4 

C * N 4 

Mp  2(4)’ 

CV 


NS 


21 


significance  at  or 
significance  at  or 
■ Not  significant, 
df  in  1989. 


O.OS. 

0.01. 


in 


Tible  25.  Effective  gr»1n  filling  period  (EGFP)  for  Gulfnont  {6)  and  Lebonnet 
(L)  in  response  to  H rates  on  pbosphatic  clays  at  Agrico  site.  PoU  Count/,  in 
19S8  and  19B9  growing  season. 


Year  CuUlvar  X Regression  Eo. d 

1988  G and  L 38 

1989  G and  L 34  38.8  - 0.02x  * O.OOOODSil'  .19 

5E  2.4  0.005  3 A lO' 


The  LSD  values  at  0.05  probability  level  for  comparing  cultivar  means  at  the 
same  N rate  are:  EGFP  (1988)  • 8 d EGFP,  EGFP  (1989)  • 4d. 
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Table  2S.  f test  significance  from  ANOVA  for  harvest  index  (HI)  of 
Biilfmnt  and  LeOonnet  ratoon  crop  in  response  to  N rates  on  phosphatic 
clays  at  Agrlco  site,  Polk  County  in  I98S  and  1989  growing  seasons. 


Sources Ilf 

Cultivar  (C)  1 

Nitrogen  (N)  4 


Rep  2 (4)  ’ 

CV 


■ - significance  at  or  < 0.05. 
f • significance  at  or  < 0.01, 
NS  - Not  significant. 

’ ■ df  in  1989. 


Table  27.  Harvest  indea  (HI)  of  ratoon  crop  in  response  to  N rates  on 
pbosphatic  days  at  Agrico  site,  Polk  County,  In  the  198S  and  1999 
groxing  seasons. 


Itii CuUivar s Hggrtsstgii  Lg. d_ 

HJX  (1989)  9 and  L 57 

HIX  (1989)  G 98  95  v 0. 0004k  .27 

SE  1.0  0.0002 


The  LSD  values  at  0.05  probability  level  for  comparing  cuUlvar  means  at 
the  same  H rate  are:  Ratoon  crop  UI  - 0.4.  ratoon  crop  HI  (1988)  - 9S, 
ratoon  crop  HI  (1989)  - 2S. 


i 
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llksly  due  to  setpling  error  end  variable  plant  density.  A linear 
regression  equation  represents  Gulfnont  and  Lebonnet  total  yields  in 
response  to  N.  Mean  grain  yields,  averaged  over  N rates,  showed  no 
significant  difference  between  Gulfeiont  and  Lebonnet. 

In  1989  both  Gulfnont  and  Lebonnet  total  grain  yields  increased  over 
h rates  to  reach  naxinuT  yields  at  the  950  hg  N ha’  rate.  Pertinent  linear 
regression  equations  are  shown  in  Table  28.  Lebonnet  yielded  significantly 
more  grain  than  Gulfnont  averaged  over  N rates.  This  was  an  unexpected 
result,  Gulfnont.  a high  N response  senidwarf  cultivar,  typically  produces 
more  grain  than  Lebonnet,  a relatively  low  N response  cultivar  (Jones, 
1989;  Laroche,  1987;  9randon  et  al.,  1985),  The  total  yield  of  Gulfioont 
was  moderate  for  Floridian  conditions  while  total  yield  of  Lebonnet  was 
higher  for  Floridian  conditions,  ho  lodging  was  noticed  in  Lebonnet,  a 
lodging  susceptible  cultivar. 

gvnaiilcs  of  Ratonn  Cron  Growth 

Ratoon  plant  height  data  (Figs.  5 and  8)  exhibited  a steady  Increase 
in  both  years  up  to  55  OAH  (shortly  after  heading),  after  which  plant 
height  reiained  static,  liaxtnua  plant  height  (PH)  at  heading  for  Gulfnont 
and  Lebonnet  ratoon  crops  reached  71  and  81  c*,  respectively.  These  Ki  are 
considered  shorter  than  typical  main  crop  PH  reported  for  Gulfnont  and 
Lebonnet  which  range  from  85  to  90  cm  for  Gulfnont  and  100  to  105  cm  for 
Lebonnet  (Laroche.  1987;  Jones,  1989;  LSU  extension  service,  1987). 
Haximun  main  crop  PH  at  heading  reached  101  and  80  cm  for  Lebonnet  and 
Gulfieont,  respectively.  Shorter  ratoon  PH  has  been  reported  by 
Balasubramanian  et  al.  (1970),  and  Is  probably  due  to  the  shorter 
vegetative  phase  of  ratoon  growth. 


US 

Main  crop  LAI  for  erect-Ua««il  cuUlvars,  sucli  as  Suifnont, 
intarcBpts  95X  of  the  sunlight  at  an  LAI  of  7.5,  but  Lebonnet,  a droopy- 
leaved  cultivar,  supposedly  intercepts  9SX  of  solar  radiation  at  LAI  of 
3.7  (Voshida,  I9S1).  In  this  study  the  main  crop  LAI  reached  naxiiruei 
levels  at  3,5  for  Gulfnont  and  4.3  for  Lebonnet  though  in  198S  variable 
plant  populations  tended  to  lower  the  overall  averages.  Laroche  (19S7) 
reported  main  crop  lAI's  of  4.5  for  Eulfnont  and  5.7  for  Lebonnet.  In  both 
growing  seasons  (Fig.  7 and  8)  LAI  increased  quickly  froii  14  DAH  to  either 
just  before  or  after  heading  (4S-5S  DAH),  when  naxinun  LAI  was  achieved. 
Leaf  area  index  then  sharply  declined  during  the  ripening  phase.  Ratoon 
LAI’S  reached  Biaximun  levels  in  1989  of  7.9  for  Gulfnont  and  3,9  for 
Lebonnet.  Lower  ratoon  LAI  nay  be  due  to  the  reduced  vegetative  period  or 
reduced  tiller  number. 

Hain  crop  tiller  number  increased  steadily  over  N rates  and  achieved 
maximum  values  of  796  and  334  tiller  m'^  for  Gulfnont  and  Lebonnet. 
respectively,  over  both  growing  seasons.  Ratoon  crop  tiller  nunbers,  not 
affected  by  main  crop  N rates,  produced  776  and  316  m'^  tillers  for 
Gulfnont  and  Lebonnet.  respectively.  This  represented  a slight  decrease  of 
approximately  20  tillers  m'‘  and  helps  to  explain  the  reduced  ratoon  LAI. 
Lower  ratoon  tiller  number  may  usually  be  due  to  a shorter  vegetative 
period  or  reduced  THC  levels  in  main  crop  stubble.  Reduced  TNC  levels  were 
observed  as  nain  crop  N rates  increased.  However,  these  ratoon  tiller 
nunbers  represented  two  year  averages  and  1988  plant  papulations  were 
highly  variable  resulting  in  low  nain  and  ratoon  crop  tiller  numbers.  In 
1989  ratoon  tiller  numbers  were  numerically  greater  than  in  1983  for  both 


cuHivars. 
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Graphs  of  plant  part  dry  Might  accumulation,  such  as  stem,  leaf, 
and  panicle  weights  are  shown  in  Figures  9 through  14.  Ratoon  stem  and 
leaf  weights  for  1988  reached  nasinuni  weight  at  56-63  DAH  and  42-56  DAH, 
respectively.  Heading  date  was  53  DAH.  Stem  and  leaf  weight  attained 
masiiium  levels  in  1989  at  56  and  42  OAH,  respectively.  Heading  date  was  50 
DAH,  The  earlier  navinum  levels  reached  in  1989  were  likely  due  to  the 
three  weeks  earlier  ratoon  N application  than  In  1988.  Stem  and  leaf 
weight  growth  rates  decreased  at  the  beginning  of  grain  growth  and 
illustrated  the  determinate  habit  of  ratoon  rice.  Stem  weight  increased 
rapidly  up  to  56  DAH  which  corresponded  to  the  early  linear  portion  of  the 
panicle  growth  curve  in  1989.  Stem  weight  decreased  sharply  from  56-70 
DAH,  after  which  stem  weight  decreased  somewhat  less  rapidly  to  84  DAH. 
This  decrease  in  stem  weight  suggests  a redistribution  of  carbohydrates 
from  stem  to  grain.  Stems  may  serve  as  temporary  storage  organs  and 
redistribute  carbohydrates  to  panicles  (Van  Dat  and  Peterson,  1983). 
Lebonnet  generally  had  numerically  higher  stem  weight  than  Gulfmont  in 
both  seasons  and  Lebonnet  TNC  data  exhibited  numerically  higher  values 
than  Gulfmont.  Leaf  dry  matter  increased  rapidly  to  42  DAH  in  1989  at  or 
around  PI  (29  DAH  In  1989  and  31  DAH  in  1988)  and  then  decreased  rapidly 
to  84  DAN.  Leaf  dry  matter  decreased  due  to  death  of  lower  leaves 
(Toshida.  1981). 

Main  crop  stem  and  leaf  dry  matter  data  displayed  different  growth 
patterns  than  ratoon  crop  trends.  Main  crop  leaf  and  stem  dry  matter 
growth  rates  were  slower,  reached  maximum  levels  later  in  the  growing 
season,  declined  less  rapidly,  and  reached  stable,  prolonged  weights 


(Laroche, 1987).  The  four  to  five  weeks  longer  growing  season  of  main  crop 
rice  explains  the  isore  gradual  dry  matter  development  and  decline. 

Panicle  dry  weight  graphs  shown  in  Figures  13  and  14  represent 
panicle  weight  increase  from  heading  (SOX  of  panicles  emerged  from  flag 
leaf  sheath)  to  maturity,  Grain  growth  rate  was  initially  slow,  entered  a 
linear  phase,  and  slowed  toward  maturity.  The  lineai*  phase  represents  the 
grain  filling  period,  during  which  most  of  the  dry  weight  of  the  grain  is 
oPtained.  Grain  growth  rate  was  constant  despite  loss  of  leaf  and  stem 
weight  which  indicates  that  both  sources  of  assimilates  must  have  been 
Important  in  grain  filling.  Yoshlda  (1981)  and  Hatsushina  (1976)  noted 
that  accumulated  carbohydrates  may  contribute  up  to  40X  of  grain 
carbohydrates. 

Total  dry  weight  curves  are  represented  in  Figures  15  and  16.  These 
graphs  are  the  accumulated  leaf,  stem,  and  panicle  (when  present)  weights 
plotted  over  ratoon  ontogeny.  Crop  growth  rate  is  obtained  from  the  slope 
of  the  linear  portion  of  each  curve.  Crop  growth  rates  in  the  1988  ratoon 
crop  were  erratic  for  both  cultivars.  In  1989  Lebonnet  CGR  decreased  as  N 
rates  Increased  though  it  remained  numerically  higher,  over  most  N rates, 
than  Gulfmont  which  had  a stable  CGA  over  N rates.  This  nay  be  the  result 
of  a higher  LAI  obtained  by  Lebonnet.  It  was  noted  by  Williams  et  al. 
(1965)  that  CGA  of  a crop  Increased  with  increased  LAI. 


SUWURY  AND  CONCLlfSIOKS 


Phosphatic  day  settling  ponds  1n  central  Florida  represent  a 
potentially  valuable  resource  for  agricultural  production.  As  phosphate 
lainlng  in  Po1k  and  other  counties  closes  down  operation  In  the  near  future 
the  econonic  inpact  would  result  in  loss  of  Jobs  and  tax  revenues. 
Reclamation  of  settling  pond  clays  for  agricultural  production  could 
present  the  opportunity  for  a new  economic  foundation  for  Polk  and 
surrounding  counties.  Soil  analysis  and  extensive  agronomic, 
horticultural,  and  forestry  experimental  trials  have  demonstrated  proven 
ability  of  a large  variety  of  plant  and  crop  spades  to  grow  and  produce 
successfully  on  phosphatic  days. 

In  1987.  1988,  and  1989  paddy  rice  was  grown  at  the  Agrico  site  In 
Polk  county  to  investigate  h effects  on  main  cnop  growth  parameters  and 
how  these  may  have  affected  natoon  crop  performance.  The  19B7  study  was 
not  reported  in  this  paper  due  to  ratoon  crop  failure  caused  by  cold 
temperature  induced  pollen  sterility.  Date  of  planting  (DOP)  in  1987  was 
in  1aCe  Hay  resulting  in  ratoon  crop  pollen  reduction*div1sion  stage 
exposure  to  cool  October  temperatures.  Thus,  OOP  in  early  to  mid  April  is 
recomended  for  successful  rice  ratoon  production  in  this  area. 

Data  analysis  of  1988  and  1989  studies  generated  the  foUdwing 

(1)  Planting  depth  and  proper  water  management  before  emergence 
are  critical  to  successful  and  complete  stand  establishment  on 
phosphatic  days, 
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(2)  Total  nonstructural  carbohyOratas,  measiired  In  nain  crap 
stubble,  decreased  as  N rates  Increased.  Significant  and 
positive  correlations  were  found  between  early  ratoon  tiller 
number  (at  14  and  28  DAH)  and  TNC  concentration  in  lOBS. 

(3)  Hain  crop  tiller  number  «'*  Increased  as  N rates  increased  for 
both  cuHivars.  Lebonnet  produced  more  tillers  than  Gulfmont. 
Ratoon  tiller  data  shouad  no  N effect  although  Lebonnet 
produced  more  tillers  n'^  than  Gulfmont. 

(4)  LA!  in  main  crop  increased  as  N rates  increased  while  ratoon 
LAI  did  not  respond  to  N rates.  Lebonnet  produced  higher  LAI 
than  Gulfmont  over  most  N rates  due  to  Its  higher  tiller 
number  ra'^. 

(5)  Main  crop  panicle  m'^  (PM)  Increased  as  N rates  increased  with 
Lebonnet  producing  more  panicles  than  Gulfmont.  Ratoon  crop  PM 
data  exhibited  no  N effect  and  Lebonnet  continued  the  trend 
producing  more  PH  than  Gulfmont.  In  both  nain  and  ratoon  crops 
Gulfmont  produced  more  grain  panicle'^  than  Lebonnet.  No  H 
effects  were  noted  in  ratoon  crop  yield  components  in  either 
year. 

(6)  Ratoon  EGFP  In  1988  had  no  N effect,  but  in  1989  EGFP  showed 
a quadratic  response  to  N.  Mean  FGFP,  averaged  over  N rates, 
were  33  and  38  d for  Gulfmont  and  Lebonnet,  respectively. 

(7)  Variable  plant  density  In  1986  resulted  In  unreliable  yield 
data.  In  1989  main  crop  yields  of  Lebonnet  (6480  Rg  ha*')  were 
greater  (P*0.01)  than  Gulfmont  (8650  kg  ha*').  Ratoon  crop 
data  displayed  no  H effect  for  Gulfmont  while  Lebonnet 
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dlspUyed  a quadratic  N response.  Haxinun  ratoon  yields  «ere 
3500  kg  ha'’  for  both  cultivars.  Total  yield  data  for  both 
cultivars  exhibited  a linear  N effect.  Total  yields  of 
Lebonnet  were  greater  (P-0. 05)  than  Suifnont  (7700  VS.  71B0  kg 
ha'’,  respectively). 

It  is  clear  that  residua!  nain  crop  N did  not  directly  affect  ratoon 
crop  growth  parameters,  but  main  crop  parameters  that  displayed  N effects 
did  influence  ratoon  cnop  perfonoance.  These  findings  suggest  that  proper 
main  crop  N fertility  can  produce  acceptable  main  and  ratoon  crop  yields 
on  phosphatic  clays. 

Future  Research 

This  study  has  only  begun  to  explore  how  N fertility  management  can 
be  optimized  for  maximum  main  and  ratoon  crop  production.  Further  research 
studies  might  include: 

(1)  Effects  of  main  cnop  N placement  (broadcast  vs 
incorporation), 

(2)  Effects  of  N timing  on  main  crop  and  subsequent  effects  on 

(3)  N rate  and  timing  study  on  ratoon  crop. 

(4)  Planting  depth  and  water  management  effects  on  germination  and 


emergence. 


APPENDIX 
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Table  A-2.  Ratoon  crop  flag  leaf  tissue  R analysis  for  GuTfaiont  (G)  and 
Lebonnet  (L)  in  response  to  N rates  on  phosphatic  clays  at  Agrico  site, 
Polk  County  for  19&B  and  1989  groaing  seasons. 


tear  Cultlvar 


Ham  crop  H applied  (ko  ha'l 
0 50  lOD  ISO  200 

Big  g‘'  dry  vft. 

31  32  30  33  30 

26  30  27  25  29 

27  28  25  27  26 

22  22  22  22  22 


The  LSD  values  at  0-05  probability  level  for  conparing  means  at  the  sare 
N rate  are;  I9BB  ratoon  flag  leaf  - 3 mg  g'  dry  at..  1989  ratoon  flag 
leaf  ■ 1 mg  g*'  dry  wt. 
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Tible  A'3.  F test  sIgnIFicence  fren  ANOVA  for  nafn  crop  yield  of 
Gulfsont  and  lebonnet  in  response  to  N rates  on  phosphatic  clays  at 
Agrlco  site,  PoU  County  in  the  1937  growing  season. 


Source? of  Main  Crop  field 


Cultivar  {C)  1 

Nitrogen  (N)  4 

Rep  4 


NS 


C» 


20 


1 • Significance  at  or  < 0.01. 
NS  ■ Not  significant. 
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